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NATTIONAL AERONAUTICS AND SPACE ADMINISTRATION

TECHNICAL NOTE D-132

A GENERAL METHOD FOR AUTOMATIC COMPUTATION OF EQUILIBRIUM COMPOSITIONS
AND THECRETICAL ROCKET PERFORMANCE OF PROPELLANTS

By Sanford Gordon, Frank J. Zeleznik, and Vearl N. Huff

SUMMARY

A general computer program for chemical equilibrium and rocket per-
formance calculations was written for the IBM 650 computer with 2000
words of drum storage, 60 words of high-speed core storage, indexing
registers, and floating point attachments. The program is capable of
carrying out combustion and isentropic expansion calculations on a chem-
ical system that may include as many as 10 different chemical elements,
30 reaction products, and 25 pressure ratios. In addition to the equi-
librium composition, temperature, and pressure, the program calculates
specific impulse, specific impulse in vacuum, characteristic velocity,
thrust coefficient, area ratio, molecular weight, Mach number, specific
heat, isentropic exponent, enthalpy, entropy, and several thermodynamic
first derivatives.

INTRODUCTION

Almost the entire work involved in the calculation of theoretical
performance of propellants is in the determination of the equilibrium
composition and temperature of the reaction products. The difficulty
in determining equilibrium compositions, especially where many reaction
products are involved, is due to the fact that the necessary equations
for their solution are not simultaneously linear; and hence, in general,
a direct solution is not feasible.

In recent years, a number of articles have appeared in the liter-
ature dealing with equilibrium calculations for complex mixtures that
describe various systematic iterative techniques for obtaining equilib-
rium compositions (e.g., refs. 1 to 22). With the increasing availa-
bility of high-speed digital computers, a number of programs have been
prepared to solve for equilibrium compositions automatically (e.g., refs.
13, 16, and 19 to 22).



The present report presents a completely general method programmed
for the IBM 650 data processing system with 20CO words of drum storage,
60 words of high-speed core storage, Iindex registers, floating decimal-
point attachment, and alphabetic device. This program can handle any
chemical system within certain limitations set by the storage capacity
of the IBM 650. The program is based essentially on the method described
in reference 9; however, some modifications have been made. The program
was prepared during 1957 and has been in operation since January 1958.

EQUATIONS DEFINING ADIABATIC CCMBUSTION
AND ISENTROPIC EXPANSICN

The computer program described in this rerport is primarily concerned
with the calculation of theoretical rocket performance of chemical pro-
pellants. This calculation is simple and straightforward once the tem-
perature and composition of the reaction products are known at combus-
tion and exit points in the nozzle. The temperature and composition fol-
lowing a process such as adiasbatic combustion &t constant pressure or
isentropic expansion to an assigned pressure cen be determined from an
appropriate combination of equations describing the conservation of
atomic species, chemical equllibrium, Dalton's law of partial pressures,
and the conservation of enthalpy or entropy. <ince these eguations do
not constitute a set of linear equations, they must usually be solved
by some iterative technique.

Combustion at Constant Precsure

For given initiael conditions, the temperature and composition fol-
lowing a combustion process are to be found. The substances entering
into the reaction may be represented by an equivalent formula

7 Y. X . . .
&y Py o

where &n, by, ¢g; + - - are proportional to tle total number of gram

atoms of the elements Z, Y, X, . . « in the reaction mixture. (A com-
plete list of symbols is given in appendix A.) For example,
3

N, + % H,0, = H N0, (1)

The reaction at equilibrium may be writter as

AZ Yy X, o v 2) > > rli(z&i':fli)(c e l) | (2)

8 °0 “o 1 i

L1%-8



E-417

CA-1 back

’

or

1
Z, Y, X . .- = n:{zZ, ¥, X N 3
8o bXe, A; 1(Ze, Yo Xe, ‘) (3)
where A 1is the number of formula welghts of the equivalent reactant,

and ny 1s the number of moles of the i h molecule or atom.

With this representation of the reaction, the equations involving
mass conservation, chemical equilibria, pressure, and enthalpy may be
written as follows.

Conservation of mass. - Equations defining the relative amounts of
each element in the reaction products may be written as Follows:

1 N
a=f Lem
1

1
sz? blni

e ]

§cini
.

where a, b, ¢, . . . are the number of gram atoms of substance Z, Y,
X, . . . per equivalent formula required to form the reaction products.
For the reaction of equation (3), conservation of mass is defined by the
following relations:

a.=80\
b = bo
CcC = C } (5)
0
cee = ...J

Chemical-equilibrium equations. - For convenience in handling the
equations, each reactlon product can be considered as being formed from
the gaseous atoms as follows:

a.Z+b.Y+c.X+...=2_Y X ... (6)
i i i ai bi ci



The change in free energy across reaction (6), (&F);, in terms of activ-
ities a 1is given by the relation

(&F); = (AFC); + RT(1n oy - 8; In ay - by Inay = ¢4 In ay - - - ) (7)

where (AFO)i igs the standard-state free-energy change across the
reaction.

For gaseous reaction products, the standerd state, or the state of
unit activity, is usually taken to be the idesl gas at l-atmosphere
pressure. This choice of standard state makes the activity and the
fugacity numerically equal. If, furthermore, all the gaseous reaction
products are assumed to behave ideally, then the fugacity and partial
pressure are identical. In this case, dividing by RT and using the
symbol & for AF/RT, equation (7) may be written as

AFO
B = <§T%>i + ln py - (ay Inpy + by In 1y + ¢4 In pgy + - - ) (8)

The criterion for equilibrium for a reacion at constant temperature
and pressure is that AF (or Bi) be equal to zeroj that 1is,

o
(%%;>. + 1n py - (ai 1n py + by In py + ¢4 Pyt . .) =0 (9)
i

In this report, a condensed phase i1s ass med to be a pure solid or
liquid, excluding the poesibility of solid or liquid solutions. The
activity for a condensed phase is conventionally taken to be unity for
the pure solid or liquid at l-atmosphere pressure. At moderate pressures
the activity of the condensed phase is essentially the same as in the
standard state, and hence the equilibrium relation for the formation of
the condensed product ZaNYbNXCN . . . from the gaseous atoms may be
written as

o
By = <§%;>N - (ay 1In py, + by 1n py + oy In py + « -« .) (10)

Similar expressions may be written for other condensed products,
ZaMYbMXCM . . ., and so forth. At equilibrium conditions BN,bM, . .

are equal to zero; that is,

AFC N
(Eir> - (a.N 1n py + by In py + Cy -1 Py 4+ ¢ . .)=0
N (11)

LTV-H
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Dalton's law of partial pressures. - The static pressure of the sys—
tem is the sum of the partial Pressures of the gaseous products:

P = Z; Py (12)

If a process has an assigned pressure Py, then

P = P, (13)

In this report, it is assumed that the gases at combustion condi-
tions have zero velocity; and hence, in the combustion chamber, static
Pressure 1s equal to the total pressure.

Conservation of enthalpy. - Adiabatic combustion is a constant-
enthalpy process; and hence, if chemical energy is included in the en-
thalpy of each substance, the enthalpy of the products of reactions must
equal the enthalpy of the reactants.

Since only differences in enthalpy are involved, an arbitrary base
may be adopted for assigning absolute values to the enthalpy of various
substances. The molar enthalpy of a substance is defined as

T
), = [ (), e @), (14)

where (Cg)i is the molar specific heat at constant pressure, and (H8)

i
is the assigned reference enthalpy at 0° X of the ith substance.
If the enthalpy of the reactants per formula weight of the equiv-

alent formula ZaoYhoXcO - « « 1s Hy, then

o]
Hy = 20 np (BR)
i 1 i

+ 2 n, (H7) (15)
i T3 X1
.th .th .
where ne  and nXi are the molegs of the i fuel and i oxidant cor-
i
responding to equivalent formula ZaOYbOXCO « » ., and (H@)fi and
(Hg)X are the molar enthalpies of the 1! fuel apnd 40 oxidant,
i
respectively.



The enthalpy of the combustion products per equivalent formula of
reactants may be written as

H=3 § (89), 1 (16)

If the Hg values for all substances are consistently agsigned

(taking into account heats of reaction and transition), then for adia-
batic combustion,

H = Hy (17)

Isentropic Expansion to Assigned Pressure

The temperature and compositlon following an isentropic expansion
of *the combustion gases to an assigned pressure may be determined by
equations for (1) conservatlon of atomlc species, (2) chemical equllib-
rium, (3) the law of partial pressures, and (4) the conservation of en-
tropy. The first three types of equations ((5), (9), (11), and (13))
have been discussed in the previous section and again apply. The fourth
type is discussed herein.

The entropy of the reaction products per formula weight of the
equivalent reactant is given by

S = % Zi: (ST)i ni (18)

Jhere

(83), - R 1n p; for geses
(Sp), = { ' ” (19)

(S.%)i for ccndensed phases

t

and (S%)_ is the absolute molar entropy of the 1 h product at tempera-
i

ture T in the standard state.

For sn isentropic expansion following a combustion process, the
entropy at any point in the expansion 8, muist be equal to the value of

entropy at combustion conditions S,- If S, is considered to be an
assigned value Sp, then

0 (20)

LT9~H
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Summary of Equations for Adisbatic Combustion
and Isentropic Expansion

Equations (5), (9), (11), and (13), together with equation (17) for
adiabatic combustion or equation (20) for isentropic expansion, are suf-
ficient to solve the problem of equilibrium calculations completely.

However, these equations involve both the moles n; and the partial

Pressures p,. The equations can be expressed in the same variables by
letting A be that number of formula welights of equivalent reactant
such that, for ideal gases,

Py = ny (21)

This is the same as saying that the reaction takes place in a volume V
numerically equal to RT. Each condensed phase is considered to occupy
& negligible volume with respect to the volume occupied by the gases,

even when finely divided and suspended in the gas. Condensed phases are
further discussed in the subsequent section on "Condensation phenomena."

ITERATION TECHNIQUE

The two sets of equations ((5), (9), (11), (13), and (17), and (5),
(9), (11), (13), and (20)) are sets of nonlinear equations, and therefore
it is usually not feasible to find a direct solution. The Newton-Raphson
method for solving nonlinear equations (ref. 23) is well suited to this
type of calculation. In this method the finite-difference approximation
to the total differential serves as a basis for the iteration procedure.
This method will be illustrated by a simple example.

Let Ql and Q,2 be two nonlinear functions of x and ¥

0
} (22)
0

and let their simultaneous solution be E,;. For any other values of x
and y, say Xi2¥50

Ql(X;y)

Qz(X:Y)

i

Q

Qo

Ql(xi’yi) % Ql(f);y:)} (23)
QZ(Xi’yi) % QB(XJY)
or
o = Ql(i;.sj) - Ql(xi,yi)} (24)
My = A (x,y) - Qy(x,,y;,)



The total differentials of (22) are

an an
dQl=g;dX+g§—d:r
(25)
dQ, = é%ﬁ dx + —2 dy

In finite-difference form, these become

3Q 3y
£y = (§>Z—)AX * <$“)Ay

(e - (e
5 5y )Y

If the difference terms 4Ry and Ao end the analytic expressions
for the partial derlvatives are evaluated nunerically at the point Xi,¥4i,

|

(26)
My

the correction variables O&X and Ay can be solved for simply, since
equation (26) is a simultaneous linear set of equations in the correc-
tion variables.

Because equation (26) is not exact,

X4l

X, + Ox # %

(27)

I}

y y, v oY # T

i+l
but rather X7 and Y141 will in general be a closer approximation

to X and 7y than are Xy and ¥j- The process of solving for cor-
rections Ax and Ay is repeated tntil Ax and Ay (or 2Q; and M)

are sufficiently small.

Linear Correction Equations

Equations. - The finite-difference forn of the total differential
of equations (5), (9), (11), (13), (17), enc (20) in terms of logarithmic
correction variables is

LT9-H
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— — N
A Aa = A(ao -a) = Z: a;n; Alnn, - %; a;n; Aln A
1
AAb:A(bO—b)z ZbiniAlnni- > bon, AlnA
1 1
- (28)
AAc:A(cO-c)=Z ciniAlnni— E c,n; AlnA
1 1
= .=..................)
-8, = A In pi--(ai Alnp, + b, Aln Py+c; Alnp, +. . .) -3; Aln T
(29)
-§N=-(aNAlan+bNAlan+cNAlnpx+. . .)-qNAlnT
(30)
O
AHP ————AFT>
T RT
h = = .
VHETE 4 = T = S
AP:(PO—P)=Zi:piAlnpi (31)

AN =

+ T Z (C;)ini AlnT (32)

i
1

+Z (Cg)ini AlnT  (33)

i
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where
= (S%)i - R(1 + 1n p;) = (ST)i - R for gases
(ST)i (34)
= (S%)' for condensed phases
i

The values for Aa, Ab, AC, « « - (-Si), (-5N), . . ., AP, NH, and
AS serve to indicate the error still left in “he system of equations
with the estimates nj, A, and T.

Relation between 84 and Q4. - For purposes of machine computa-

tion, it was found more convenient to write ecuations (8) and (10) in a

different form. The relation
o) o)
N
i - R Ji

(=), - (&)
RT ), C\RT /;
is used to eliminate (AF%/RT)i in equations '8) and (10), which become
(@) SO SO
N R P C R
S7
+ ¢y _ﬁ'x - lnpg| + - - . (36)
s S s3
T T
L [@N] ' aN[HZ " Pz} ’ bNK}f‘L o PY]
+ CN[C::;‘-)X - 1n PX] oo (37)

Matrix Representation of Correction Equations

o
]

=4

Matrix, - The augmented matrix for the combustion problem (egs.
(28) to (32)) is given in figure 1. The augrented matrix for the expan-
sion problem is ldentical to that for combusion, except that equation
(32) is replaced by equation (33), as indicaed in the footnote in fig-
are 1. A direct elimination of the correction variables pertaining to
the gaseous molecules gives a new matrix whoise order is equal to the sum
of the different chemical elements and condensed phases plus 2. This
reduced matrix is presented as figure 2, where the correction variables
for the condensed phases are linear rather tnaan logarithmic to permit a
greater symmetry in the coefficient matrix.

LT19-4
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In figure 2 and elsewhere in this report, the symbol i< is used

in summations that include only gaseous reaction products, whereas the
symbol ny 1is used in summations that include condensed as well as
gaseous reaction products.

Condensation phencmena. -~ In this report, a molecular species which
appears in a condensed phase is considered to be independent of the same
species in the gaseous phase. The vapor pressure is assigned completely
to the gas phase, and a zero vapor pressure is assigned to the condensed
phase. Two separate equilibrium equations (egs. (8) and (10)) are
written for this specles, one for the gaseous phase and one for the con-
densed. The vapor-condensed-phase equilibrium is implicit in these two
equations.

The present program is capable of considering several situations
when the chemical system is such that condensed reaction products are
Possible. In the first situation, a condensed product is assumed to be
bresent. After the equilibrium compositions have been determined, the
assumption is checked. If correct, the program continues; 1f incorrect
(a negative value for the amount of the condensed product), the program
automatically restarts the calculations with this condensed Phase ex-
cluded. In a second situation, a condensed phase is assumed to be not
bresent. After equilibrium compositions have been determined, if the
assumption is correct the brogram continues. If the assumption is in-
correct (the partial bressure of the condensable gas exceeds the vapor
pressure), the program automatically restarts the calculations with the
condensed phase included.

The criterion for condensation is easily obtained from the equilib-
rium constant. Thus, for the reaction

(Zg Y Xo - 2) =(Z, % X, .. .) (38)
8y 70 ey g ay Py Cy c
where ay = ay, by = by €y = Cy - + .+, the equilibrium constant is
o) 0
_[(FT)C - (FT)g]
K RT
K"'KK: 1 _ e (39)
i pvap
Condensation occurs when
1
> = =
Pi - Pvap K
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or

piK >1

which can be written as
o e}
(¥9), - (Fp),
RT

-np; <0 (40)

THERMODYNAMIC FIRST PARTIAL DERIVATIVES

From the many thermodynamic first partial. derivatives, it is possi-
ble arbitrarily to select three independent derivatives and then to ex-
press all the other possible thermodynamic first partial derivatives in
terms of these three. The three thermodynamic derivatives selected for
caleulation in this report are (JH/3T)p, (d 1In. 43 In T)p, and

(3 1n .43 1n P)q, where A 1is the molecular weight of the reaction
products as defined in equation (45).

Heat Capacity at Constant Pressure

The enthalpy of the products of reaction per equivalent formula of
reactant is given by (16). dince the heat capacity per equivalent for-
mula of reactant is (OH/OT)p, then the heat capacity of the reaction
products per mole of reaction product is

%@—2)? = Cp (41)

where

Differentiation of equatlion (16) gives in expression for (38/3T)p
that may be used to obtain C§ in equation 41) s

O 1 o 0 In py ony oy [ oo
), - ﬁ[}:(HT)ipi ST >P * (H%)N(m—n—mjl, * (HT)M(m)P +

+ TZ( CP).ri - Z(Hr_%) ini(%—%%)P](%)

i i

Lth-2
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Equation (42) may be written in another form that was found more
convenient with the calculation method of this report. Differentiation
of (9) gives the identity

0 1ln p d1ln p d 1n
(BT Ti>P - ai(é—_J_rT'T_Z')P * bim%‘)la Pty (49)

Combin%ng equations (41), (42), and (43) gives the following expression
for Cp:

3 1n p 0 In p
% = ﬁ[z :(E%)iaipi<5_ln—TZ>P > :(H%)ibipi<ml>la e
i i

o] on on
- o), - () D) e(324),
* TZ(Cg)iHi + (H%)iqipi] (44)

A comparison of equation (44) with the last row in figure 2 shows
that the coefficients of the derivatives are the elements of the enthalpy
row. The solution of the partials (Jd 1ln pZ/B In T)p, (9 1n pY/B In T)p,

-, 1s discussed in the section on "Derivative Matrices."

Molecular-Weight Derivatives

Each condensed phase is considered to occupy & negligible volume
with respect to the volume occupied by the gases, even when finely
divided and suspended in the gas. An average molecular weight 1s then
defined to be the weight of the reaction products divided by the number
of moles of gaseous products:

E: n; M.

vl‘—‘- i 1 1=A/I'
2P P
i

where vd; is the formula weight of the equivalent formula of equation

(3). When only gaseous products are formed in the reaction, this defi-
nition is identical tc the usual definition of an average molecular
welght. With the definition of equation (45), the molecular weight is
suitable for use in the 1deal gas law even when solids are present:

: o

or (46)

(45)
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The density p or specific volume ¥ in equation (46) is the average
value of the mixture of gases and condensed phases. Taking logarithms
of equation (45),

In#=1nA + InM - 1 P (47)

Differentiation of equation (47) with respect —o In T at constant P
gives

(324, - (52 (40)

Differentiation of equation (47) with respect >0 ln P at constant T
gives )

Differentiation of equation (12) with respect to 1n A at constant T
glves

e .
e, gug el

which may be used in equation (49) to give

(a n M\ _ P o1 (51)

d1InP o 1n p-
Zpi(a 1n A‘)T

1

Differentiation of equation (9) gives
(5 D5 = a, O in Pz = b.(a Eligg) o0 e . (52)
SToA Jp NImA jp N\ lnd/q

Eguations (51) and (52) may be combined to give

d 1n - P -
(S—II%)T Zaipi(a o pz)T +Z ’m% . '

S in A o P\ In A
i i (53)

Comparison of equation (53) and the pressure row in figure 2 shows that

the coefficients of the derivatives in equation (53) are the elements of
the pressure row.

Li+-3
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Other First Partial Derivatives (v and C9)

Bridgman (ref. 24) presents a convenient scheme for expressing all
first partial derivatives in terms of three first partial derivatives,
one of which is the same as selected in this report, (BH/BT)P = Cg, and

two of which are different, (Ov/dT)p and (0v/3P)p. In order to make
use of the tables of reference 24, (dv/dT)p and (3v/3P)p can be ob-

tained from the derivatives given in this report by means of the follow-
ing equations, which have been derived from the equation of state for
ldeal gases with variable molecular weight (eq. (46)):

(%), -1[- 029 o
(3,3 2] =

With the aid of the tables in reference 24 and equations (46), (54),

and (55), other first partial derivatives can be expressed in terms of

Cg, (0 In 43 1n T)P, and (J 1n.4/3 1n P)T. As examples, expressions

are derived for the isentropic exponent Y, which is used to calculate
velocity of sound, and specific heat at constant volume C%.

By definition,

R - G2D 3B, @

From Bridgman's tables (ref. 24),

(57)

gg) = 0 C§/4( 2
vV
"D, (),

Substituting equations (46), (54), (55), and (57) into equation (56)
yields

. Cp/R (58)

e [-eea]

9]
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For nonreacting gases ("frozen" composition), 4 1s a constant, and equa-
tion (58) reduces to

v = e (59)

By definition and from Bridgman's tables (ref. 24),

Cy OF <§§><%¥3T i T(%%>i
\'A

),

(60)

Substituting equations (46), (54), and (55) into equation (60) gives

o o - 5 1n T'P
cy = Cp - R — (a ln.A?) (61)
9 1n P, T

For nonreacting gases, . 1is constant, and ecuation (61) reduces to

cy = C% - R (82)

Derivative Matrice:

The evaluation of the three independent -hermodynamic first partial
derivatives is possible if the quantities (0 'mn pZ/B 1n T)P,
(0 1n pY/B In T)p - - - (BnN/B In T)p - « - (0 1n Afo 1n T)p and
(0 1In pZ/B 1n A)m, (0 1n pY/B 1n A)qp, . - . a’e known. These quantities
may be calculated for equilibrium conditions )y the solution of & set of
simultaneous equations involving the precedin;; derivatives. The necessary
equations for the temperature derivatives may be obtained from equations

(5), (9), (11), and (13). Differentiation of these equations with respect
to 1n T at constant P gives

Za' (Blnpi +a(6nN . : an.(élnA) )
iPI\STn T /Jp NI T T M\ I Tp

1 1

o 1ln ps dn
b s i) s v N + ) b,n_(a in A _
iPI\TTIm T Jp NG InT/p M\ In T)p

1

-(63)

i

. e . . . . - . . . . . . . . . . . . - . e . . . . =

\Oo

LT9-8



CA-3

17

(8 In p; (5 1n py (5 In py
ST ) aimP+bim>P+' I T

|
(@)

o1 o1
R N R R
NS In T /p Sin T /p N (65)

. « e e e e e e ew .o =20

(5 in pi>
D olsmr), -0 (56)
i

If equation (64) is used to eliminate (0 1ln pi/d 1n T)p from equa-
tions (63) and (66), then the resulting augmented matrix is identical to
the matrix of figure 2 with the last row and column deleted, as shown in
figure 3.

The derivatives with respect to 1n A at constant T are obtained
in a similar fashion. Differentiation of equations (5), (9), and (11)
yields:

d In p; ony 3
aipimT-*-aNmT*-"'-E aini=0
i i
b ey B vy AL AL
i i
. - . =OJ
(8 1n pi> <é 1n py (B in pY)
STh A o ai\STo % T + o \SsTo . + . ..]=0 (68)
o lnp (5 1n p >
7 Y
aN(S Tn A >T TP\STImA /T T © (69)

If equation (68) is used to eliminate (0 In pi/a In A)p from equation

(67), then the resulting augmented matrix is identiecal to the matrix of
figure 2 with the last two rows and columns deleted, as shown in figure 4.
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ROCKET PERFORMANCE PARAMETERS
Calculation

The evaluation of rocket performance parareters for a propellant is
simple once the temperature and composition are¢ known at combustion and
exit points of a nozzle. The following formulas used in computing the N
various performance parameters were derived from the one-dimensional forms‘\

of continuity, energy, and momentum equations end the followlng assump- e T
tions: zero velocity in the combustion chamber, perfect gas law, com-

plete combustion, homogeneous mixing, adisbatic combustion, and isentropic 2\7

expansion. (The units used were h = cal/g, T = OK, P=1b force/sq in., ~

A =5s5q in., w=1b mass/sec, and g, = 32.174 (1b mass/lb force (ft/sec2 ).)

Specific impulse with ambient and exit pressures equal,
(1b force)(sec)/1b mass:

heo - h

T = 294.98Y 555~ (70)

Specific impulse in vacuum (ambient pressure zero), (1lb force)(sec)/lb mass:

Tyge = I + P(%) (71)

Nozzle area per unit mass-flow rate, (sq in.)(sec)/lb:

86.4554 T
T (72)

% |

Characteristic velocity, ft/sec:

c* = g,P, %} = 32.174 Pc3§? (73)
Coefficient of thrust:
Cp = %%E = 32.174 g& (74)
Mach number:
M= g = I (75)

86.4554 yT
M
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Effect of Chamber Pressure on Performance Parameters

For a given pressure ratio PC/P, the logarithms of the performance
parameters given in equations (70) to (74) are very nearly linear in the
logarithm of the combustion-chamber pressure P,. Thus, if any one of

the performance parameters is denoted by A, then, to a good
approximation,

d 1n A e g e BR-dny (76)
d 1n P, PC/P A ln(PC)2 - 1n (PC)l
or
i
A
Ao (Pc)g

N, (77)

Analytical expressions are readily obtained for the partial derivatives
T\ by the method indicated in reference 25. Using this technique it
is possible to derive the following identities:

S
T = T2 ,:lc .,l:, (78)
R 0 1n 1
T fu = - A F.- (E—ZH%gZJ I (79)
CP :27
Te = Mpfw - (”A/w)t (80)
Mo =1+ (x, w)t (81)
R O ln.#& R
ﬂT=@[1-(m]' A (52)
mES |
Top = T = ok (83)

tp = (84)
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ITERATION TO AN ASSIGNED MACH NUMBER

It may sometimes be desired to calculate conditions following an
isentropic expansion to an assigned Mach number rather than to an
assigned pressure. For example, one might wish to find the conditions
at the throat of a nozzle where the Mach number is 1. The procedure
used in this report for calculating conditions at an asslgned Mach num-
ber is as follows:

(1) An estimate of pressure corresponding; to the assigned Mach num-
ber is made.

(2) After equilibrium composition and temperature have been obtained
in a manner identical to isentropic expansion to assigned pressure, the
Mach number is then calculated.

(3) The error between the desired Mach nmber and the calculated
Mach number is used to obtain a new estimate Tor pressure.

(4) Steps (2) and (3) are repeated until the desired degree of
accuracy is obtained.

The correction to the assumed pressure ratio can be obtained by
using a parameter h¥, defined as

YRT

h¥* = h +
M

(85)

“ﬂéﬁw

where h, 71, T, and M are values corresponcing to the assumed pressure,
and Mgy is the assigned Mach number. When the correct pressure (or pres-
sure ratio) is used, h* will equal the initial enthalpy of the propel-
lants h.. The estimate for the pressure ratio is corrected on the basis

¢
of the difference between h¥ and hg,. Since h¥* is a function of P,

oh*
*
Ah* = (m)s Al P (86)
where
Ah* = h, - hﬁ
and

P - P

LTP-d
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th

with the subscript k referring to the k estimate. Equation (86)

then gives

P, Po/Py
= 7 ' 87
Prel he - b} (87)
TRy
(5 in P)s

The (k+l)th estimate can be obtained from the k% estimate for the
pressure ratio by means of equation (87), provided that (oh*/3 1n P)g

can be evaluated. Since Y is essentially constant for a small change
in pressure ratio, then from equation (8s),

2 —

Y
REEE) e
From equation (46) for an ideal gas,

o(T/ 4 1 d1n p) | 1 -
[(P )JS=ITp[l‘<s—1ng>s =§B(YY> (€9)

Using the thermodynamic relation (Oh/dP); = 1/p and equation (89) in
equation (88) yields

oh*
0 1n P s

2
(%)Sz ,BIE [1 + —Nég (r - 1)] (90)

In particular, at the throat Mp = 1 and equation (90) becomes

<F%*—p)s > ZUREY (51)

COMPUTER PROGRAM

A computer program for performing the calculations previously dis-
cussed has been made for an IBM 650 Magnetic Drum Data-Processing Machine
with 2000 words of drum storage, 60 words of high-speed core storage,
indexing registers, floating point attachments, and an alphabetic device.
When additional attachments such as tapes and RAMAC are available, the
brogram may be modified to make use of these attachments. A wiring dia-
gram for the IBM type 533 Read-Punch Unit is given in appendix I. In
the description of the program, a familiarity with the symbolic coding
for the IBM 650 computer (SOAP II) is assumed, as described in IRM Form
32-7646-1, "Soap Programmer's Reference Manual." References to storage
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locations will be made with symbolic addresses given in upper case and
enclosed by quotes. For the absolute equivalents of the symbolic
addresses, the program listing given 1n apperdixes F, G, and H can be
consulted.

Because of computer storage limitations, it was necessary to dlvide
the program into two sectlons, (1) The "Vector and Propellant Program,"
which prepares most of the input data and requires an alphabetic device
on the TBM 650, and (2) The "Main Calculating Program,” which solves for
the equilibrium compositions and temperature: and the performance param-
eters. The Main Calculating Program may be used without using the Vector
and Propellant Program 1f the necessary inpui data are prepared manually.
The primary use of the Vector and Propellant Program 1s to simplify the
preparation of input data and to minimize the possibility of errors.
However, since the use of the Vector and Propellant Program is optional,
the Main Calculating Program will be described first.

MAIN CALCULATING PROGRAM
General Descriptilon

Figure 5 gives a schematic outline of the Main Calculating Program.
Individual portions of the program will be discussed in more detail in
later sections. A SOAP listing of the Main Program is given in appendix
F, and operating instructions are given in aopendix C.

The program as written Is capable of performing thermodynamic equi-
1ibrium calculations for both combustion and isentropic expansion condi-
tions for a chemical system that may include as many as 10 different
chemical elements (if no condensed phases appear as reaction products).
When condensed phases are present as reaction products, then the sum of
the different chemical elements and different condensed phases must not
exceed 10. This restriction implies that the size of the reduced aug-
mented matrix (fig. 2) is limited to 12x13. It should be emphasized
that this restriction is imposed solely by rachine storage limitations.

The program will handle as many as 30 reaction products and 25 pres-
sure ratios including the combustion chamber and the throat. The restric-
tion on the number of products and pressure ratlios is also the result of
storage limitations. The program calculates the equilibrium composition,
temperature, pressure, enthalpy, and entropy of the reaction products,
and the following performance parameters: ¢pecific impulse, specific
impulse in vacuum, thrust coefficient, chartcteristic velocity, area ra-
tio, specific heat, isentropic exponent 71, and Mach number. The pro-

gram also calculates the derivatives 0 lnf{ B Q in , and the
3 1In 7 fp’ \O 1n PJp

chamber-pressure derivatives g, T, Tp, and T

L1794
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Normally the program calculates combustion conditions (PC/P = 1),
then throat conditions, and finally other exit conditions corresponding
to assigned pressure ratios. The program is easily modified to operate
for assigned temperatures and pressures or to work a series of constant-
enthalpy calculations at various pressures. The necessary changes in
the program are given in the section "Program Modifications."

The following input data are required by the Main Calculating Pro-
gram for the solution of equilibrium compositions and temperature follow-
ing an adiabatic combustion process:

(1) The reaction products to be considered
(2) Gram atoms of elements in 1 gram of fuel and 1 gram of oxidant
(3) Enthalpies of fuel and oxidant rer gram of fuel and oxidant

(4) oxidant to fuel weight ratio O/F (or percent fuel or equivalence
ratio r)

(5) Thermodynamic data for products congsidered
(6) Chamber pressure

(7) Initial estimate of temperature, composition, and number of
formula weights A. (A set of estimates is already provided by
the program and therefore need not be supplied unless a better
set is desired.)

Reaction products (the composition vector). - The composition of
any product of reaction in terms of the elements may be represented as a
chemical vector whose components are determined by the chemical formula
for the reaction product. Thus, the molecule ZainiXCi . « .« may be

associated with the vector

C={ai’ bi’ cy » - .}

The number of components associated with each composition vector is known
once it is decided how many chemical elements are to be considered in any
particular problem. For example, if hydrogen and oxygen were the only

two elements appearing, then any reaction product could be specified with
two components. If hydrogen, oxygen, and nitrogen were the elements under
consideration, then each reaction product would have three components.
This is illustrated in the following table for four possible products of
reaction involving hydrogen, oxygen, and nitrogen:
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Product | Componen®
HIN|O

N 0(1]0
OH 10|11
H0 21011
NO o111

A considerable portion of the matrix of figure 2 may be constructed
in a reasonebly systematic manner with the aid of the composition vector.
This is described in the section "Vector multiplication routine."

Packed chemical vector. - The total number of components of all the
chemical vectors is directly related to the size of the chemical system
and to the number of possible reaction products. Thus, for a lO-element
system in which 30 different products of reaction are to be considered,
a total of 300 components requiring 300 storage locations would have to
be specified. Since these numbers would be placed in the storage area
of a computer with limited storage capacity, the storage area avallable
for programming would be seriously reduced. It has been found that with
a few sultable restrictions all the components of a vector may be packed
into one 10-digit word, and thus only 30 storages would be required for
30 products. The following restrictions have been set forth:

(1) All the chemical vector components that are not specified are
assumed to be zero.

(2) No reaction product may be formed from more than five different
chemical elements; that is, the chemical vector msy have no more than
five nonzero components.

(3) Each subscript in the chemical formila for the reaction product
must be less than 10; that is, no vector component may be greater than 9.

The packed chemical vector may now be generated from the chemical
formula of a reaction product in the following manner:

(1) Each element in the chemical system is assigned a number equal
to one less than its column assignment in the reduced augmented matrix
(fig. 2). This number is used to specify th component.

(2) The magnitude of any component is ejual to the subscript asso-
ciated with the chemical element in the chemical formula for the reaction
product under consideration.

(3) The packed vector consists of five oairs of numbers. In each
pair of numbers (where both numbers are not zero) the number designating
the component precedes the number that gives the magnitude of the
component.

LT%-d
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(4) The nonzero vector components and their associated magnitudes
are arranged In the packed vector in the order of their appearance in
the chemical formula of the reaction product, the entire packed vector
being shifted as far to the right as possible.

(5) The sign of the packed composition vector is positive for a
gaseous reaction product and negative for a condensed-phase reaction
product.

An example of how components might be designated in an H-N-0 sys-
tem is as follows:

Element H|IN|O

Column of matrix| 1 | 2| 3
in fig. 2

Number designat- | 0 (1] 2
ing component
(column number
- 1)

The assignment of numbers designating the elements is completely arbi-
trary. However, once an assignment has been made for some problem, then
all product vectors must be consistent with this assignment.

Examples of packed vectors for four reaction products using the
numbers designating components given in the previous table are as
follows:

Reaction Packed wvector
product
N 00 00 00 00 11+
OH 00 00 00 21 0l+
H-0 00 00 00 02 21+
NO 00 00 00 11 21+

To read the preceding packed vectors, proceed as follows:
(1) Pair the digits into groups of two.
(2) The first digit of a pair designates the atom.

(3) The second digit of the pair tells how many of these atoms
there are.
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(4) The sign is + for gas and - for condensed phases.
For example, the Ho0 packed vector may be interpreted as follows:

00 00 00 02 21 +
I ———

Ignored because both digits of each pair are u‘:ex‘o-——————————l
Number designating element hydrogen
Magnitude (number of hydrogen atoms)
Number designating element oxygen
Magnitude (number of oxygen atoms)
Gaseous product

Calculation of gram atoms of elements in fuel and oxidant or in
reactant. - To specify a reactant, the relative proportion of the ele-
ments in the reactant is all that is required. That is, the absolute
magnitude of the elements an, by, Coy + - - in the equivalent reactant

ZaOYbOXCO . . is immaterial if their ratios remain constant. In the
IBM 650 program the number of gram atoms of each element in a reactant
is calculated to be that number which gives aa equivalent formula with

a formula weight u‘f of 1.

For example, the equivalent formula in equation (1) (A;N303) has a
molecular weight of 83.072. In the IBM 6350 rrogram the equivalent for-

mula would be H(7/g3 o72) N(2/83.072) O(3/83.072) °F Hp.08426 No.02408
O5.03611 My = 1)

The method selected in this report for the calculation of the gram
atoms of element per gram of reactant was based on the assumption that
performance data for a particular reactant wculd be desired for a number
of oxidant-fuel ratios. For this reason, the input to the Main Calcu-
lating Program consists of the number of gran atoms of each element per
gram of fuel and the number of gram atoms of each element per gram of
oxidant. The number of gram atoms of each element per gram of reactant
can then be calculated from these quantities as soon as the oxidant-fuel
ratio (or % fuel or equivalence ratio r) is specified as shown in the
following discussion.

The fuels are considered to be those malerials undergoing oxidation
primarily and the oxidants those materials undergoing reduction primarily.
Let 1 gram of equivalent fuel be Zaf'YbeCf . . and 1 gram of equiv-

alent oxidant be ZabexXCx . . . where ap, be, Cp + « - and

Ay, Dy, Cx + » - 8TE the number of gram atoms of elements Z, ¥, X . .

in 1 gram of equivalent fuel and 1 gram of enyuivalent oxidant, respec-
tively. If Wy is the weight of the oxidant and We the welght of

LT%-d
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the fuel (O/F = Wx/Wf), then the number of gram atoms of each element

in 1 gram of equivalent reactant Z, Yy X,
0 "0 70

e « » 18

Weay + Weap  (O/F)ay + ap
0T TN AW, T T (o/F) ¥ 1

Wyby + Webe  (O/F)by + bp >
Po = Wy + We  (O/F) + L (92)

CeE e im il

Equation (92) may be illustrated by considering the example of
equation (1):

3
N2H4 + E HzOz (l)

The formulas per gram of equivalent fuel and oxidant are

N(2/32.048) B(4/32.048) = No.062406390 Fo.12481278 } (93)
B(2/34.016) O(2/34.016) = Ho.058795860 00.058795860

(Eight significant figures are kept in this example, since the IBM 650
floating point attachment Xeeps eight significant figures.) For
equation (1),

_ 1.5(34.016)

O/F = 25045~ = 1.5921118 (94)

and therefore

() _ 1.5921118(0.058795860) + 0.12481278
% = T.5921118 + 1

\
0.084264252

I

(N) by = L£:5921118(0) + 0.062406390
0= 1.5921118 + 1

0.024075501 ¢~ (95)

©) cn = 1.5921118(0.058795860) + 0
0~ 1.5921118 + 1

I

0'036113250J

Calculation of enthalpy of fuel and oxldant or of propellant. - Let
he and hx be the enthalpy per gram of equivalent fuel and per gram

of equivalent oxidant, respectively. Then the enthalpy per gram of
equivalent reactant ZaOYbOXCO « s o 1s
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(O/F)hx h..
Hy = hg = (07F) ;+1 (96)

Equatiocn (96) may be illustrated by again considering the reaction
of equation 1). Using values similar to thos: on page 19 of reference
9 and the O/F value from equation (94),

154,702.97 _ ,827.2269 cal/g

by, = P = T 32.048 .
(97) =
28,681.626
= = - = . -~
8,0, h, = Toip— = 843.18043 cal/g

1.5921118 (843.18043) + 4827.2269
0~ 1.5021118 + 1 = 2380.1691 calfg  (98)

Optional specification of Q[E. - In addition to the oxidant to fuel
weight ratio O/F, two other quentities may be used to give the relative
amounts of oxidant and fuel. One of these is the weight percent of fuel
in the propellant %F and the other is the ecuivalence ratio T.

(1) gF: The relation between O/F and %F is glven by

®F = To7F) + 1 (99)

(2) Equivalence ratio 1r: The eguivalence ratio is defined in terms
of arbitrary, permanently assigned oxidation states for each element in a
compound. This practice produces no difficulsy so long as all the ele-
ments have the assigned oxidation state in al . their compounds (e.g.,
H=+1, Na = +1, F = -1). Some elements have various oxidation states;
for example, sulfur, which has the oxidation iwuwmbers -2, +4, +6 in the
compounds HpS, 802, and Hs30,, respectively. In cases such as this the
assigned oxidation states are taken to be those considered as occurring
commonly in products. For this reason it is jossible that some components
of the propellant combination may show a net sositive or negative oxida-
tion state, contrary to the usual practice of having the sum of the oxi-
dation numbers of a compound add up to zero.

+ gt oyt

Let Vg, Vys Vy -
V;, V% . . . be the negaiive oxidation states of the elements z, ¥, X .
in the reactant. Let VX and V; be the tctal positive oxidation state

and total negative oxidation state, respectively, per gram’ of equivalent
oxidant, and let V} and Vy De the total positive and negative oxida-

. De the positive oxidation states and Vs

tion states, respectively, per gram of equivealent fuel. Then,
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o
-
Vi=lavi + b Vi + c vt 4. ..
| x'z - Xy T Xy |
v, = a Vg + bXV§ + cXV£ + .. .J
e [ oo . N 1 (100)
Vf = afVZ + bfVY + chX + . . .J
_ - _ - -
Vf = afVZ + bfVY + CfVX + . .
- -

The total positive oxidation state V' and total negative oxidation
state V- per gram of propellant are

(O/F)V + Vi

+ _
= TO/F) + 1
_ - (101)
- (O/F)Vy + Vs
(O/F) + 1
The equivalence ratio may now be defined as
r= Y% = A <O/F)VX (102)
VEvE + (o/F)vE

This definition of r gives r = 1 for stoichiometric conditions,
r > 1 for oxidant-rich conditions, and r < 1 for fuel-rich conditions.
Yor those who prefer to consider r > 1 for fuel-rich conditions and
r <1 for oxidant-rich conditions, the reciprocal of r in equation
(102) may be taken as the definition of equivalence ratio, provided that
the computing program be correspondingly modified.

The reaction of equation (1) may be again taken to illustrate equa-
tions (100) and (102). Let a, b, ¢ refer to H, N, O, respectively.
Then, from equation (100},

vi = [2(1) + (0)(0) + 2(0)] /34.016 = 0.058795860 |

Hz0p
vy = [2(0) + (0)(0) + 2(-2)]/34.016 = -0.11759172  (103)
Vi = [2(1) + 2(0) + 0(0)]/32.048 = 0.12481278

N, H

e Ve = [}(o) + 2(0) + O(O)]/32.048 =0 J
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From equation (102), and using the O/F = 1.5921118 of equation (94),

| (.s921118)(-0.11758172) + 0 |_
T '|(1.5921118)(0.058795860) + 0.1248;278,‘

0.85714286 (104)

For any problem it is sufficient to speci:’y any one of the three
quantities O/F, 4¥, or r, since any two may be expressed in terms of
the third. (See egs. (99) and (102), e.g.)

Thermodynamic data. - Since the computer program solves for tempera-
ture simultaneously with composition, it was fcund convenient to repre-
sent the thermodynamic data for each product as a function of temperature
as follows:

CO/R = A + BT + C1° + T (105)
2 3
o . BT CT® DI°  E
HT/RT=A+-2—+_5—+_4—+T (106)
2 3
SO/R = Aln T + BT + 9%— + 9%— + F (107)

where T 1s in degrees Kelvin. The function H%/RT must include HS/RT,
where H8 is the reference enthalpy at 0° K (iee eq. (14)).

In order to minimize the errors resulting from a functional repre-
sentation of the thermodynamic data, the six coefficients A, B, C, D, E,
and F for each product were obtained from a simultaneous least-squares
fit of the thermodynamic functiouns C%/R, H%/RT, and S%/R for several
selected temperature intervals with continuity from one interval to the
next. Coefficients for several substances in ~he C, H, O, N, F, and Cl
chemical system are given in table I.

Calculating Routines

The Main Calculating Program consists of “en major routines and sev-
eral auxiliary routines with suitable connecting links. These routines
are described in the following sectiocns.

Packed vector loading routine. - The flow chart for the packed vector
loading routine is given in figure 6. This short program permits direct
loading of the packed vectors from the Vector ind Propellant Program. The
packed vectors are in the form of load hub caris on which the secpnd word
gives the permanent code number associated wita the reaction product, and
the fourth word gives the packed vector for the same product. The perma-
nent code and the packed vector are loaded intn segquential locations in

LTF-H
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the P region; that is, the code and packed vector from the first card
are placed into "POOOL" and "P0O0O0Z2," respectively; the code and vector
from the next card are placed into "P0003" and "PO004," and so forth.

When the program encounters a condensed phase, it examines the con-
tents of the word "OASIS" to determine whether or not this product is to
be considered in the first iteration. Thereafter, the decision to use
or not to use a condensed phase is made internally. All positions of
"OASIS" must be either zero or one, a zero indicating use and one indi-
cating nonuse of a condensed phase. Each position of "OASIS" corresponds
to a different condensed phase; thus position 1 (right-most position) is
associated with the first condensed phase encountered, position 2 with
the second, and so forth. For example, if "OASIS" contained

00 0000 1101 +

the program would not initially consider the first, third, and fourth
condensed phases encountered. Should only two condensed-phase packed
vectors be present, the program will ignore all positions beyond the
first two. If the operator does not specify the contents of "OASIS," the
program puts ones in all positions, thus initially considering only the
gas phase.

The packed vector loading routine requires a transfer card to pre-
cede the first packed vector. The transfer card is a load hub card on
which the first word is

NOP 0000 VOOOl + (or numerical equivalent, 000000 1599+)

The last packed vector must be followed by another load hub card on which
the first word is

00 0000 0000+

The packed vectors themselves must be arranged so that all the gaseous
atoms enter storage before any gaseous molecules or condensed phases. If
this condition is not met, a programmed stop will halt the loading. (The
vectors for gaseous atoms may be loaded in any order followed by the re-
mainder of the vectors in any order. However, the thermal data coeffi-
cients must be loaded in the same order as the vectors.) As each gaseocus
atom and each condensed-phase vector considered by "OASIS" is placed into
storage, it is counted so that the two constants "ATOML" and "SYS," used
to specify the size of the reduced augmented matrix, may be obtained.
Both of these are fixed point numbers in the low-order positions. M“ATOML"
gives the number of different elements in the chemical system, and "SYys"
gives the number of elements plus the condensed phases currently being
considered. During the cocurse of loading packed vectors, any load card
with word 2 blank or zero will be bypassed.
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Input data routine. - The flow chart for the input data routine is
given in figure /. The routine converts the input data as specified by
the operator into suitable form for use in the computer. Thus, using
equations (99) and (102), it calculates any two of the quantities o/F,
r, and %F from the one which is supplicd by the operator. The numbers
ags, Pgs Cor - - - hy are calculated from &g, ay, be, by, - - . h, he
using equations (92) and (96). Also, the combustion-chamber pressure in
pounds per square inch absolute is converted to atmospheres.

The input data for this routine and, hence, for the general program
consist of the following:

(1) A 4-digit identification number for the problem (case no.) is
loaded into "FO039" as

0000 Case no. 00+

(2) The chamber pressure P, in pounds jer square inch absolute is
loaded into "FO000."

(3) The numbers a.,
locations 0537, 0538, . . .; 0547, 0548, and 0549, respectively, and the

: + - ! . .
numbers Bay be, « -« ¢« Jpj hf, Vf, and Vf are loaded into locations

0587, 0588, . . .; 0597, 0598, and 0599, respectively. If the Vector and
Propellant Program is used, these numbers will. be prepared automatically.

.{ -
b, « - - Jys By Vx’ and V,  are loaded into

(4) Any one of the three quantities O/F, r, and %F is loaded into
"0/F," "EQRAT," or "PCT F," respectively, whi’e the other two are loaded
as zero.

(5) A schedule of up to 25 pressure ratios is loaded into the region
R(1075-1099).

A set of estimates for 1n Py Dy In T, and 1n A is already provided

by the program and need not be supplied unles:; one wishes to use a better
set of estimates. Convergence usually occurs without good estimates.

The output from this routine is seven Be.l format cards (see dis-
cussion in section on "Auxiliary routines” an also appendix B). The
first Bell card contains the following six words: T, O/F, %F, P, (atm),
hq (cal/g), and the identification number for the problem. The identifi-
cation number is & composite of the equivalen:e ratio, the case number,
and the chamber pressure in pounds per sguare inch absolute. The input

. + - . -
data ag, be, « -« Jpi he, Ve, Vf, ay s bx’ Jys ho, V;, and VX
are punched out on the next six Bell cards. A console-controlled punch
can be used to obtain the calculated numbers ag, bg . . - (ho/R)-

LT?-H
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Load thermal data routine. - The thermodynamic data for each reac-
tion product are represented by six coefficients A, B, C, D, E, and F,
which were discussed in the section on "Thermodynamic data." The routine

requires the coefficients to be on a load hub card in columns 21 through
80 (the last six words). The first word on the card 1s actusally the
first instruction in the routine following the read command for a basic
load card and is

RAL 9051 RDB

The second word is the identification for the card, being a composite of
the permanent code for the molecule and the low temperature (divided by
10) and high temperature (divided by 10) of the interval for which the
coefficlents were obtained. Thus, if the code for the molecule is 0121
and the temperature range is from 2600° to 3200° K, word 2 would be

Code TlOW Thigh

0lzl | 260 | 320

With this scheme no molecule may have a code greater than four digits in
length or a temperature interval higher than 9990° K.

The information from a thermodynamic coefficient card appears on
the drum in a block of ten consecutive storages in the T region. The
first word of the block contains the permenent code for the molecule in
the instruction address position. For the previous example this would
be

00 0000 0121

The following six storage positions contain the thermal coefficients.
The eighth word is reserved for the composition estimate 1n Pi or ny,

while the last two words of the block are reserved for q., and -Si.

Since the sequential blocks of ten storages are assigned to reaction
products on the basis of their order of appearance, within any temperature
interval the order of the thermal data cards must match the order of the
packed vectors. If this is not so, a programmed stop will halt the load-
ing of the thermal coefflcients.

Each set of basilc load cards corresponding to some temperature inter-
val must be followed by a Bell format card that is filled with Zeros ex-
cept for words 1 (columns 11 to 21) and 2 (columns 22 to 32). Word
1 is the floating point number for the low temperature, and word 2 is
the floating point number for the high temperature of the interval covered
by the preceding cards.
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The flow chart for the load thermal data routine 1s given in
figure 8.

Unpacking routine and thermel routine. - The purpose of the unpack-
ing and thermal routines is to construct a "row vector.” This row
vector is a set of consecutive core storage locations representing a
convenient arrangement of quantities that will eventually be used to con-
struct the elements of the reduced augmented mwatrix. The row vector
and its contents are as follows:

Symbolic Absolute Contents
locetion | location

RV000 9004 (EQ/R); During expansion,

zero during combustion

RVOOL 9005 | 21

RV0O02 9006 by

RVQ03 9007 cq

RV004 9008 dq

RVO0O05 9009 ey L Composition vector

RVOO06 9010 £y components as

RVOO7 9011 81 float . ng polnt

RVO08 9012 hi numbe: s

RVO09 9013 ii

RVO10 9014 ji/

RVO1ll 9015 1 For gas, O for condensed

RVOlZ2 9016 a4

RVO13 9017 61

RVO14 9018 (E%/R) ; For combustion,
t | (S'/R)i for expansion

Storage space has been provided for ten subscripts or ten components
of the composition vector. If the chemical tcystem being used does not
require ten components, then the first comporent appears in the location
"gy011l" minus "SYS" and is followed by the remaining components. The
locations from "RVOOL" to "RVOLO" minus "SYS' inclusive remain zero. The
unpacking routine fills in the locations "RVOOL" through "RVO11l" inclu-
sive, the thermal routine completing the remuining quantities. The flow
chart for the unpacking routine ig given in Tigure 9, while the thermal
routine is given in figure 10.

Vector multiplication routine. - The ve-tor multiplication routine
calculates the elements of The reduced augmented matrix by multiplication
of vectors. The gaseous-product contributions to the matrix elements of
the mass-balance equations in figure 2 are generated by the following
operation:

LTv-4
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aipl I:ailbi) A ji,l,qi’bi]

(108)

Only those terms that are on or to the right of the principal diagonal
are filled in. The gaseous-product contributions to the pressure-row
elements are obtained from

pi[ai,bi, . e . ji,O,qi,‘éi] (109)

The gaseous-product contributions to the enthalpy-row elements are ob-
tained from

o]
Py (B, .
R ajsby, - . . Ji)lJQiJsi (110)

An entropy row is used in place of the enthalpy row during expansion,
and the gaseous-product contributions to the entropy-row elements are
given by

P43
__'R"- ai,bi, - . . ji)l,q]‘_,ai (lll)

The condensed products each contribute a row to the reduced aug-

mented matrix, which, for ZaNYbNXCN D X

[a'NJbNJ e jNJO;QN;BN] (112)

and, in addition, the contribution of this condensed product to the col-
umn (-A 1n A) is

FaNnN
byny

(113)

INN

| (Ep)
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The flow chart for this routine is given in figure 11.

Matrix completion routine. - This routine completes the matrix by
calculating and adding to the appropriate matrix elements the quantities

A Ma, ADb, . . . AP, ADh, Z(C;)ini/R or T):(c‘lg)ini/R, and re-
1 1

flecting the symmetric portions of the matrix about the diagonal. During

expansion, EZ(ST)ini//R replaces the term in the entropy row and
i

A 1ln A colum. When this has been completed, the routine examines all
the error terms, requiring them to be smaller than some preassigned value
before the iteration process is halted. After convergence is complete,
the program checks to make sure that the thermal data for the correct
temperature interval were used and examines tie partial pressures of the
condensable materials to ascertain whether or not condensed-phase pro-
duects should have been considered. The flow ~hart for this routine is
given in figure 12.

Matrix solution routine. - The correction variables for the gaseous
atoms and condensed phases are obtained from the reduced augmented matrix
(fig. 2) by the matrix solution routine presented in figure 13. The cor-
rections to the gaseous molecules are obtained from the correction equa-
tions for the gaseous atoms using equation (£9). When the iteration proc-
ess has converged to the equilibrium values, this same routine is used
to solve the two sets of equations discussed in the section on "Derivative
Matrices."

The solution routine carries out a Gauss reduction on the linear
set; that is, 1t eliminates the first variable from all equations follow-
ing the first equation, the second variable from all equations following
the second equation, and so on. The solution routine assumes that the
equations appear in consecutive bands of storage, the nth equation in
band one, the (n - 1)th  equation in band two, and so forth. Thus, the
energy equation appears in band one and the pressure equation in band
two. Within each band the coefficients of the variables are placed in
consecutive storage locations with the const.int term appearing in the
last storage location of the band.

The number of equations to be solved must appear as an integer in
the low-order positions of the upper accumul ator when enterlng the rou-
tine. For the correction equations, this is specifled by the constant
"gys + 2." The results of the solution appear in the first band with
the first variable appearing in location 0043-"(SYS + 1)" as shown in
the following table:
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Storage location | Variable

0049 - "(8YS + 1)"| A 1n 1,
0049 - "(sys)" A ln ny
0049 - "(SYS - 1)"| A 1n ny

- i —————— o - -

0047 Any
0048 -A 1n A
0049 AlnT

Two entries to the routine are provided. The first is at location
"SOLVE," and the second is at location "BACK." The first entry is used
when the Gauss reduction must be performed, while the second is used
when the reduction has already been accomplished and only the back solu-
tion is needed.

The solution routine can run into difficulty in several situations
while carrying out the Gauss reduction. The first happens when the ma-
chine attempts to perform a floating multiplication of two numbers that
are so small that the resulting product would be less than 10~91, ang
an underflow occurs. This has been taken care of for several operations
by using branch on overflow commands and replacing the result of the
multiplication by a zero if underflow occurs.

A second difficulty occurs when the coefficlent matrix of figure 2
is singular or nearly singular; that is, its determinant is zero or
very nearly so. In this case, because of the way in which the reduction
is performed, the machine attempts division by zero. This problem arises
when the system is such that within the precision of the calculations
only one reaction product exists, as may occur for stoichiometric condi-
tions at low temperatures. For example, in the chemical system hydrogen
and oxygen at low temperztures and stoichiometric conditions, gaseous
water 1s the only reaction product of any significance. This type of
difficulty may be handled by changing the relative amounts of oxident
and fuel slightly from stoichiometric conditions (perhaps 1l to 10 parts
per million) and repeating the calculation.

A third, and perhaps the most difficult, situation occurs when the
coefficient matrix is poorly conditioned. For example, if the coeffi-
cient of the k! variable in the k equation is small relative to the
coefficients of the (k + 1)™, (x + 2)th, .\, . variables in the seme
equation, and 1f the xth equation is then used to eliminate the k
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variable from the (k + 1), (k + 2)th ) . . . equations at an early

stage of the calculations, then large roundirg errors may occur. This
situation occurs more often when condensed ptases are present in the
calculation than when only gaseous products &re considered. In partic-
ular, if one chemical element appears almost exclusively in the con-
densed phase, the matrix element for this chemical element, which appears
on the diagonal, will be very small. Should the row containing this
small element be used to eliminate its variable at an early stage of the
solution, then large rounding errors may occur, causing the solution
vector obtained to bear little resemblance to the true solution vector.

LTv-4

To take care of this situation, a modified pivot method has been
incorporated into the solution routine. This feature may be used at the
operator's discretion, since it is console-controlled. An 8 in position
one of the console (right-most position) causes pivoting. Prior to each
elimination, the program examines the remaining equations and selects
the best one for eliminating the next variable. The program selects the
best equation to be that equation in which the coefficients differ by
the smallest amount after division by the coefficient of the variable to
be eliminated.

For the usual problems involving only gaseous products and those
for which graphite is the only condensed phase, adeguate solutions can
be obtained without use of the modified pivoting routine. If no aiffi-
culty is expected, it is recommended that ths pivot feature not be used,
since each iteration will require more time.

Correction routine and performance-parcmeter routine. - The correc-
tion Toubine (fig. 14) epplies the correcticns to the estimates during
the course of iteration. Once the iteratior procedure has converged to
a solution, the performance-parameter routire (fig. 15) calculates the
performance parameters.

Auxiliary routines. - During the course of calculations it is nec-
essary to use subroutines for exponentiatior , taking square roots, and
for punching the results of the calculations on Bell format cards. The
subroutines that have been incorporated intc the program for this pur-
pose were taken from a collection of closed subroutines in reference 26.
The three subroutines have been assembled in the locations 1833 to 1999,
and a listing is given in appendix F. The «rrangement of the words in
the punch band by the punching subroutine, just prior to punching, and
the corresponding card columns in which the'r are to appear are given in
appendix B.

Because of the iterative nature of the calculation, it is at times
desirable to have information on the progress of the calculations. This
has been provided in the form of four console-controlled punches that
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may be used individually or in any combination to give intermediate an-
swers during the iterative process. However, because of storage limi-
tations 1t was necessary to consider these intermediate answer-punching
routines as expendable. For this reason they were assembled in the
lower portions of the P and T regions and hence can only be used at
the expense of a number of reaction products. The output of the punches
1s on Bell format cards. The punches are as follows:

(l) Console position 2: To be used only when there are 28 or less
reaction products. An 8 in position 2 of the console causes punching,

in order, of (1 - P/Pg), (1 - h/hy), or (1 - s/sg) depending upon whether
it is a combustion or expansion process, (1 - a/ao), (L -v/og), « - ..
These are followed by the code and -8; for each reaction product.

(2) Console position 3: To be used only when there are 26 or less
reaction products. An 8 in position 3 of the console causes punching
of P, T, and A, followed by the code and n; for each reaction
product.

(3) Console position 4: To be used only when there are 26 or less
reaction products. An 8 in position 4 of the console causes punching

of the entire reduced matrix, one equation at a time.

(4) Console sign: To be used only when there are 28 or less reac-
tion products. A minus sign on the console causes punching of the solu-

tion to the reduced sugmented matrix.

Convergence

Because of the complexity and variability of the problem, no exact
analysls can be made of the rate of convergence of the iteration. It is
possible, however, to obtain useful information on the rate of conver-
gence by studying a few representative chemical systems. A function E
is defined that will be used to indicate the error left in the system by
the current estimates:

E=<--1%)2+<-_hhg)2+(-.%)2+...+26§ (114)

where the summation includes all reaction products. The first group of
terms will be called the mass balance errors, and the last group will be
referred to as the equilibrium errors. Using identical initial estimates
in all cases - namely, p; = 1 atm, ny = 1x10-11 mole, T = 3800° K, and

A = 148.4 formula weights - it was possible to construct the curves given
in figures 16 to 18.
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From figure 16 it is seen that 1n1/§ decreases linearly in the
initial stages of the calculation, the slope ‘nereasing quite rapidly
once E has been reduced to approximately 1. In other words, as con-
vergence 1s approached, the rate of convergence increases. The erratic
vehavior of the curves for small E is due to loss of significance when
convergence is essentially complete. Although the total error of the
system i1s exponentially reduced in a rather systematic fashion, no such
trend has been observed in the mass balance or equilibrium errors taken
separately.

For the three cases shown in figure 16, LO to 18 iterations were
required to reduce the error to an acceptable limit when starting with
poor estimates. The number of iterstions may be even higher in some
cases, in particular, if the temperature interval for the thermodynamic
data that was selected on the basis of the initial estimate for the tem-
perature is not the correct interval, or if there are any additions to
or subtractions from the list of reaction products when the program
checks for condensation of condensable materials.

The number of iterations can usually be significantly reduced if
the correct assumption on the existence or ncnexistence of condensed
phases is made and 1if a good estimate for the reaction temperature and
composition is available. A large number of iterations is unusual for
pressure ratios other than the first, because the program uses the an-
swers from the preceding calculation as estimates for the following
point. These are generally good estimates, tnd therefore fewer itera-
tions are required. This is illustrated in figure 17, where 1n1/§
is plotted as a function of the iteration nurber. The data in figure
17 were obtained for the reaction of equatior. (1) using the same initial
estimates as for figure 16. As shown by figire 17, convergence to com-
bustion and throat conditions each required 11 iterations, while the
following three exit points needed only 8, 6. and 5 iterations, respec-
tively. The performance results of this exarple are given in table IV.

For the problem shown in figure 17, it was assumed that the itera-
tion procedure had converged to a solution when each of the mass balance
errors, such as (1 - a/ao), had a magnitude less than 5x10~ ' and each of

the equilibrium errors O; had a magnitude ..ess than 5xlO'6:

1-—5}
Po
1 - & L< 5x107 " ; |8 | < 5x1078
b 1
0
L.
ao
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These convergence criteria result in more accuracy than may be desired
in some cases. For the example in figure 17, relaxing the convergence
criteria by a factor of 10 permitted the total number of iterations +o
be reduced from 41 to 34 while still retaining five or more figures of
accuracy in the final result.

When a poor set of estimates is made for the variables, the first
iteration usually overcorrects the estimates and results in an increase
in the value of E, as may be seen from figure 18. A solution to this
problem is to restrict the size of the applied corrections. This tech-
nigue is often used in iterative calculations; however, an increased
number of iterations is generally required to converge. One procedure
is to multiply each correction by some constant factor less than 1 (see
ref. 19, e.g.). With such a technique it is often possible to induce
convergence in what would normally be a divergent case, although an in-
Creased number of iterations is required. An alternative procedure has
been developed that not only prevents overcorrection and produces con-
vergence in all divergent cases that have occurred so far in this labo-
ratory, but also often decreases the number of iterations required to
reach convergence. In this procedure, the magnitude of each component
of the solution vector of figure 2 must be less than a specified maximum
value. If one or more components are larger than this specified maximum,
the largest component is reduced to the specified maximum, and all the
other components, including all A 1n b;, are reduced proportionally.

Figure 18 shows the effect of various maximum magnitudes imposed on the
solution vector. Restricting the magnitudes of the components to 5 re-
sults in the fewest number of iterations for this case. In other cases
a maximum component magnitude of 3 appeared to be best, particularly in
systems with fewer chemical elements and reaction products.

The restriction of magnitude of the solution vector is given as an
optional program and is discussed in the next section.

Program Modifications

The standard program is considered to be the program that first
calculates combustion conditions for assigned enthalpy and pressure and
then throat and other exit conditions assuming equilibrium composition
of the reaction products during isentropic expansion. However, several
modifications to the standard brogram are gvailable,

The limitations to be discussed apply only to the particular assembly
given in appendix F. If the program were assembled in some other fashion,
then thesge limitations would no longer apply.
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Assigned enthalpy for series of pressures. - The first modification
permits the calculation of an assigned enthalp;’ problem for a series of
pressures. This is accomplished by changing one instruction of the pro-
gram and can be done at no gsacrifice in the nurber of permitted reaction
products.

Restriction on magnitude of solution vector. - A second modifica-
tion places a size Testriction on the maximum magnitude of the solution
vector of the matrix of figure 2. If any component is larger than this
maximum value, then all the corrections, incluiing A 1ln p;, are multi-

plied a number less than 1 so that the maximur component of the solution
vector of figure 2 becomes equal to the maximum permitted value. This
program modification may be used only if no mcre than 26 reaction prod-
ucts are being considered. In addition, only the intermediate punches
controlled by console position 2 and sign may be used.

Assigned temperature and pressure. - The third program modification
permits calculations for an assigned temperature and pressure. This is
done at a sacrifice of five reaction products; however, the intermediate
punches controlled by console position 2 and sign may be used in addi-
tion to the program change that controls the fize of the solution vector.
The modified program for calculations at assi¢ned temperature and pres-
sure is not very efficient, since the program performs many unnecessary
calculations. However, a more efficient program for this type of calcu-
lation can be made with more extensive modifications. The modified
pivoting routine may not be used for assigned temperature and pressure
calculations. To perform calculations at an issigned temperature for a
series of pressures, the program modifications for an assigned enthalpy
and a series of pressures must also be includz:d.

Caleulations for Assumption of Frozen
Composition During Expansion

Rocket performance parameters are generelly calculated elther with
the assumption of complete chemical equilibrium among the combustion
products during the expansion process (equilibrium expansion) or with
composition remaining fixed at combustion-chember composition during the
expansion process (frozen composition). The method for calculating per-
formance for the first assumption has been described in the previous
sections. Performance calculations for the second assumption are the
same with respect to determining combustion conditions; however, deter-
mination of exit conditions, which is descrilted in the next section, is
far simpler, since the composition of reacticn products 1s already known.

Equations for frozen-composition isentrcpic expansion to assigned
pressure. - Since composition during expansicn is fixed as the
combustion-chamber composition, the following, relations are obtained:
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(pi)c (ni)
(Pi)e - (ni

0

AC PC
= e = (115)
Ae Pe

(o]

Substituting equation (115) into equations (18), (19), and (20) and re-
arranging terms give, as the condition for frozen isentropic expansion,

Zi:(ni)c(sg.)ie + RP, 1n % = [Zi:ni(s§)iJc (116)

Equation (116) can be written in a form analogous to equation (20) if the
following definitions are used:

P
r _ o) c
S Ei: (ni)c(ST)ie + RP_ 1n -P; (117)

st = [Zni(sg)i] (118)

for then,

S, = 5 (119)

For an assigned exit pressure, equation (117) is a function of tem-
berature only. For any guess of exit temperature T, equation (119) will
not be satisfied identically, and hence an iteration scheme again is em-
ployed %o converge to correct tewperature. The total differential of
equation (119) in finits-difference form is

ast = (st - sf) = Z(ni)c(cg)i Aln T (120)
Aln T = as (121)
2 (ny) (c3),

Equation (121) may be used to obtain new values of T wuntil the
value of AST is less than some assigned small value.

After convergence has been reached, the calculation of the rocket
performance parameters is similar to that described for equilibrium com-
position during expansion.



44

Description of program. - Because of storage limitations, the pro-
gram for the calculation of rocket performance assuming frozen composi-
tion during expansion could not be incorporated as part of the standard
program for equilibrium-composition calculaticns. Equilibrium composi-
tion in the combustion chamber is first calcul.ated with the standard
deck. The program for frozen-composition csalculations is then read into
storage and calculations for frozen composltion are begun. Operating
instructions for this program are given in appendix D, a flow diagram
in figure 19, and a SOAP listing in appendix G.

VECTOR AND PROPELLANT PROGRAM

The Vector and Propellant Program was prapared in order to have a
simple and almost automatic method of preparing the packed vectors and
the quantities (henceforth referred to as pacxed propellants) ap, be,

Cpy » = <3 8y by Cys + » o V;, E, V;, V;, hf, and hx' The output
of this program serves as part of the input data for the Main Calculating
Program (see input data routine). The storage locations for the packed

propellants are &y, by, Cy, » « +, 937 t0 5463 hy, V&, Vg, 547, 548,
549 8p, Dy Cpy » -+ -5 987 tO 5965 By, vk, vp, 597, 598, 599.

The flow diagrams for this program are given in figures 20 to 25
and are discussed in the section on "Calculating Routines."” Operating
instructions are given in appendix E, and s EOAP listing 1s given in
appendix H. Included in the SOAP listing are two punch subroutines
taken from reference 26. The format of the cutput of these two routines
(Bell and Random) is given in appendix B. Also given in appendix B is
the output format of the packed vectors.

There are ten types of input cards to tte Vector and Propellant Pro-
gram. The type of card is indicated by a syrbol of two or three alpha-
betic or numerical characters appearing in cclumns 48, 49, and 50 of the
IEM card. The data (if any) corresponding to the type of card follow in
columms S1 through 72 of the card. The ten -.ypes and their functions
are listed in the following table and will be discussed more fully in
the following sectlons:

LTy~H
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Symbol for Function Comment
type of

input

ATM Specifies an alphabetic chemical | No subscripts permitted
vector for the gaseous atom; for chemical symbol
e.g., H, AL, or CL

BOP Begins program by clearing and
initializing

END Begins calculations (end of Begins calculation of
input data) 8, 8., bp, b, ete.

EFn Specifies enthalpy of nth 0<nmn«< g%
fuel in cal/g-mol

EXn Specifies enthalpy of n°h 0<n< g
oxidant in cal/g-mol

Fn Specifies nth fuel 0<n< g%

MOL Specifies all reaction products |All subscripts must be
that are not atoms; e.g., glven explicitly
HiFl, N1H3, HICL1

Prn Gives the weight percent or Welght percent or
weight fraction of n weight fraction in
fuel in combined fuel floating point

O<n< 9%

PXn Gives welght percent or Weight percent or
welght fraction of n welght fraction in
oxidant in combined oxidant floating point

0 <n< 9%

Xn Specifies nth oxidant 0<nc< 9%

*n = 1 through 9 specifies fuel or oxidant 1 through 9, but n = 0

specifies the tenth fuel or oxidant.

Only two types of cards in the preceding table are general for

every problem.

These are BOP and END.
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Transfer Cards

BOP - Initialize card. - The BOP card serves to initialize the pro-
gram, preparing it to process a nev collection of vector and propellant
cards. BOP precedes all other input cards:

Input Qutput
Card
column
3 + Sign
(12 punch)
48-50 | BOP No output

END - Start calculations. - The END card follows at the end of all
other input cards and serves as a transfer card to begin calculation of
the packed propellants:

Input Output
Card
column
3 + Sign
(12 punch)
48-50| END No output

Input for Packed Vectors

The preparation of the packed vectors requires only two types of
input cards, ATM and MOL. These two types sp:cify the products of reac-
tion to be considered. For bookkeeping purpoies each product of reac-
tion is given a permanent 4-digit numerical code. This permanent code
also appears on the thermodynamic data cards Sor the same product and
serves as a check during calculations in the Main Calculating Program.

ATM - Atom cards. - The ATM cards are us:d to specify which chemical
elements will be considered in the equilibriun calculations. They are to
be used only for the gaseous atoms. The reduced matrix column assignments
are based on the order of appearance of the AIM cards. ATM cards must
precede all the other type cards with the exception of BOP cards. The
output of an ATM card is a packed vector for the gaseous atom:

LT%-d
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Input Output

Card Card
column column
3 + Sign (12 punch) 17-20 | 4-Digit code for gaseous
element (same as 44-47
of input)

44-47 | 4-Digit permanent code 31-40 | Packed chemical vector
for gaseous element

48-50 |[ATM 41-80 | Input reproduced

51-52 [Chemical symbol for
element, e.g., AL,
CL, H (no numerical
subscripts)

53-80 |Blank

MOL -~ Molecule cards. - The MOL cards are used for the composition
vectors of all reaction products that are not gaseous atoms. Thus, con-
densed elements such as graphlite would be on MOL cards. The output of
a MOL card is a packed vector for the corresponding product:

Input Output
Card Card
column column
3 + Sign (12 punch) 17-20 | 4-Diglt code for
reaction product
42 Sign (- for condensed phase,
+ or blank for gaseous 31-40 | Packed chemical
phase) vector
44-47 | 4-Digit permanent code for 41-80 | Input reproduced

reaction product
48-50 | MOL

51-65 | Chemical symbol for reaction
product. All subscripts
must be explicitly given;
e.g.,

CH4 is ClH4

H,0 is H201l

A1205 1s AL203

(0 1is an alphabetic
character)

£6-80 { Blank
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Input for Packed Propellents

A number of propellants consist of more than one fuel or one oxi-
dant. The Vector and Propellant Program can accommodste a propellant
consisting of a mixture of up to 10 fuels and up to 10 oxidants. Each
fuel and each oxidant in the propellant is characterized by three cards.
For the fuel, the three cards are Fn, PFn, and EFn; and for the oxidant,
Xn, PXn, and EXn.

Fn - Fuel cards. - The Fn cards are used to specify the chemical

formula of the nth fuel, where n 1is any one of the integers 1, 2, 3,

4, 5, 6, 7, 8, 9, 0 (0 is used for the tenth fiel). The subscripts for
elements on the fuel cards may either be integers less than 9 digits in
length or floating point numbers. Either one or both forms may be used
in the same Fn card. Should the chemical formula for the nth  fuel be
too long to fit on one card (more than 22 columns) it may be continued

on the next card providing that (1) the same Fa symbol is used, and (2)
the complete numerical subscript for an element is on the same card as

the alphabetic symbol for the element:

LTP -4

Input : Output
Card ) Card
column column
3 + Sign (12 punch) 0-80 | Input reproduced

43-47 | Anything - never used in program
48-49 | Fn where n = 1,2,3,4,5,6,7,8,9,0
50 Blank

51-72 | Chemical formula for the fuel

Three examples are given to illustrate Fn caris:

Fuel Columns 48-49 Columns 51-72
NoHy Fl N2H4
Caflig F1 cegis (or CBH1800000052)
Mixture of F1 N1H3 |
NHo and Ho Fe | H2
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Xn - Oxidant cards. - The Xn cards are identical to the fuel cards
except that these cards are used for the nth oxidant, and Fn in card
columns 48 and 49 is replaced by Xn. Two examples are given to illus-
trate Xn cards:

Oxidant Columns |[*Columns 51-72
48-49
H,0s X1 | HZO2
HNy 0520061 ©3.0344255 X1 %%2%222222%51
(Red fuming nitric X1
acid)

O 1s an alphabetic character.

PFn - Percent fuel cards. - The percent fuel card PFn gives the

weight percent of the nth fuel in the fuel mixture. The percent or
welght fractions must be expressed as floating point numbers. There
must be a PFn card corresponding to each Fn card:

Input Output
Card Card
column column
3 + 8ign (12 punch) 0-80 | Input reproduced

48-50 | PFn (n = 1,2,3,4,5,6,7,8,9,0)

51-60 | Weight percent of n®® fuel
in fuel mixture (a floating
point number)

Two examples are given to illustrate PFPn cards:

Columns 48-50 | Columns 51-60
One fuel only PF1l 1000000053
Mixture of fuels PF1 2000000052
(20 percent fuel 1, PF2 8000000052
80 percent fuel 2
by weight)

PXn - Percent oxidant cards. - The PXn cards are identical to the
PFn cards except that they refer to the n®? oxident.
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EFn - Fuel enthalpy cards. - The EFn card format is identical to
that of PFn and PXn, except that instead of weight percentages this type

of card gives the enthalpy of the nth Puel in calories per formula weight

as a floating point number. An example is given to illustrate an EFn
card:

Columns 48-50 | Columns 51-72

Enthalpy of NoH, (1) EF1 1547029756

at 298.16° K
(see eq. (97))

EXn - Oxident enthalpy cards. - The EXn cards are the same as the
EFn card except that they refer to oxidant rataer than fuel.

Calculating Routines

Flow charts and tables. - Figure 20 gives a general flow chart for
the Vector and Propellant Program and includes the BOP routine. Flow
charts for the other routines are given in figures 21 to 25.

For the calculation of the packed propellants, the program requires
a table of atomic weights and assigned oxidation states. The atomic
weight table for 101 elements is located in tte M region, while the
corresponding table for the oxidation states is in the V region. The
atomic weight table is complete, while oxidation-state assignments have
been made only for several elements. Additiors or alterations to the
tables of atomic weights and oxidations states may be made as needed.

Formulas for propellants containing severral fuels or several
oxidants. - Tnhe program can prepare packed popellant cards’ for pro-
pellants containing as many as 10 fuels and 10 oxidants. The combina-
tion of all fuels is referred to as the equividlent fuel, while the com-
bination of all oxidants is referred to as the equivalent oxidant. The
necessary equations are given as followst

According to the definitions given in previous sections,

ZafofXCf . » « and ZabeXch . e refer o 1 gram of equivalent
fuel and 1 gram of equivalent oxidant having =nthalpies hg and hy,

respectively, where &g, bp, Cp » « - and a., x + - o are the

number of gram atoms of elements %z, ¥, X, « . » in the gram of equiv-

alent fuel and the gram of equivalent oxidant, respectively. Let the

1th oxidant have the formula 2, Yy X, . . ., its mass W, , and its
. X i

Xy i %4

by, ©

LTP-d
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enthalpy (HJ) , while the i'™ fuel has the formula Zg Yy X, .. .,
*1 Ty R Ly
its mass Wfi, and its enthalpy (Hg)f . The total welght of oxidant is
1

W and the total weight of fuel is Wes

X
\
We =D Wp
3 1
. (122)
W, = 1
X ? Xi
J

Therefore, the oxidant-to-fuel weight ratio is

% - X (123)
The gram atoms of elements per gram of equivalent oxidant or fuel are

A A L oL Py My )
ax - WX in ’ x - WX lei T
(124)
A ap Wr, 1 e Ve, f
o = i —Tfi, = ———/fi,..

and the enthalpies are

. 3
(Hm). W
_ ;L T Xy X4
\ (125)
QO
1 (HT)fini
hp =) —— 2= 2T
£ We M
o

Equation (124) may be used in equations (92) and (100) to obtain Y
bgs Cos + - - and V;, Vg, VE, end VF, while equation (125) may be
used in equation (96) to obtain hg.



o2

Example

The propellant NoH, + % H,05 has been usel in this report for pur-

poses of illustration (see egs. (1), (93), (94), (95), (97), and (98)).
This same problem will be used to illustrate the input and output of the
Vector and Propellant Program and the Main Calculating Program.

The products considered, which are all gaseous, are H, N, 0, Hp,
HoO, No, NO, Op, and OH. The values of enthalpy for the propellants

are similar to those on page 19 of reference 91

LTV -4

o
(H298.16)N2H4(1) 154,702.97 cal/mol

)

(2 - 28,681.62€ cal/mol

o
298.16
98.16°H,0,(1)
The input and output of the Vector and Propellant Deck and the Main
Operatigg Deck are glven in tables II to V.

Lewis Research Center
Nationel Aeronautics and Space Administration
Cleveland, Ohio, July 2, 1959
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APPENDIX A

SYMBOLS

number of formula weights of equivalent reactant; also,
cross-secticnal area of a nozzle, sgq in.

P
velocity of sound, (35) , Tt/sec
S

number of gram atoms of the elements 2,Y,X, .

thrust coefficient
molar heat capacity at constant pressure, cal/(mole)(°K)

heat capacity at constant volume, cal/(mole)(°K)
characteristic velocity, ft/sec

internal energy per unit mass, cal/mole; also error
function defined by eq. (114)

free energy per mole of formula weight of material,
cal/mole

weight or mass percent fuel

gravitational conversion factor,
32.174 (1b mass/1b force)(ft/sec?)

sum of sensible enthalpy and chemical energy per mole
or formula weight of material, cal/mole

sum of sensible enthalpy and chemical energy per unit
mass of material, cal/g

iteration parameter defined by eq. (85)

specific impulse with ambient and exit pressures equal,
(1b force)(sec)/(1b mass)

specific impulse in vacuum (ambient pressure equal to
zero), (1b force)(sec)/(b mass)
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XY

Z,Y,X,

thermodynamic equilibrium constant

Mach number

molecular weight, formula weight or atomic weight
number

number of moles or formula weights of material
oxidant-to-fuel weight or mass ratio

static pressure (sum of partial pressures), consistent
units

partial pressure, consistent units
equilibrium vapor pressure of gas

any function

symbol for O(-AFQ/RT)[d 1n T = AHR/RT
universal gas constant, consistent units
equivalence ratio defined Dy eq. (102)

entropy per mole or formula weight of material
entropy per unit mass of miterial, cal/(g) (%K)
temperature, °K

veloclity

oxidation state or volume

volume per unit mass

mass

mass-flow rate, (1b mass)/sec; also, weight or mass
fraction :

independent variables

symbols for the chemical elements

1 TH=-W
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o)
Subscripts:
c

e

activity of a material
isentropic exponent, (d 1n P/d 1n Pls
error in equilibrium equation, AF/RT

area ratio

55

with a subscript, a chamber-pressure exponent defined

by eq. (76)

mass density, consistent units

combustion chamber or condensed phase

exit points of a nozzle

1th fuel

gaseous phase

1t product of reaction, ith function, ith variable
Mth, Nth, + « . condensed reaction products
constant pressure

equivalent reactant

constant entropy

at temperature T; also, constant temperature
throat of a nozzle

constant volume

ith oxidant

refers to chemical elements

an assigned value, equivalent reactant, or absolute
zero of temperature
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Superscripts:
hi

o

frozen composition during expansion
thermodynamic standard state
positive oxidation state

negative oxidation state

LTH-A
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Following are word arran

cards:

APPENDIX B

CARD FORMATS

Word arrangement for Bell card:

[iﬁ Punch band Card column
Word 1 11-21 (sign in 11)
Word 2 22-32 (sign in 22)
Word 3 33-43 (sign in 33)
Word 4 44-54 (sign in 44)
Word 5 55-65 (sign in 55)
Word 6 66-76 (sign in 66)
Word 7 (positions 8-5) | 6-9 (location of word 1)
Word 8 (positions 8-5) 5, 77-79 (prob. no.)

Word

Word

9 (position 5)

10 (positions 9-5)

10 (word count)

80 (tab. space contrel)

1-4 (card number)

57

gements for Bell, Random, and SOAP IT output
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Word arrangement for Random card:

Word

Word

Word

Word

7 (positions 8-5)
8 (positions 8-5)
9 (positions 8-5)

10 (positions 8-5)

Punch band Card column
Word 1 5-15 (sign in 15)
Word 2 20-30 (sign in 30)
Word 3 25-45 (sign in 45)
Word 4 50-60 (siga in 60)
Word 5 65-75 (sign in 75)
Word 6 (positions 8-5) |1-4 (location of word 1)

16-19 (location of word 2)
31-34 (location of word 3)
46-49 (location of word 4)
61-64 (location of word 5)

76-80 (nos used)

LT9-H
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Word arrangement for SOAP II output (packed vectors):
Punch band Card column Camments
1-10 (sign in 10), emitted |Not used in program
Word 9 11-20 (sign in 20) Columns 17-20 are
product code
21-30 (sign in 30), emitted|Not used in program
Word 7 31-40 (sign in 40) Packed vectors
Word 8 (position 1) 41 Reproduce input
Sign of word 7 42
Word 1 (positions 5 to 1)|43-47
Word 4 (positions 5 to 3)|48-50
Word 1 (positions 5 to 1)|51-55
Word 4 (position 2) 56
Word 3 (positions 5 to 1)|57-61
Word 4 (position 1) 62
Word 5 (positions 5 to 1)|63-87
Word 6 (positions 5 to 1)|68-72 Y
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APPENDIX C

OPERATING INSTRUCTIONS FOR MAIN CALZULATING PROGRAM

Normally the computer program will not be loaded as one instruction
per card, SOAP cards, but will be subjected to some shrinking procedure
that will permit loading of five or six instructions per card. (See
appendix B for formats of Bell and Random cards.) Assuming this to be
the case and also assuming that all input data which must be loaded are
in the same card format, the following operating instructions apply for
the Main Calculating Program:

(1) Set console:

(a) Storage entry switches (70 1951 3/8 9/8 9/8 9/84):

An 8 in position 1 - pivoting during solution

An 8 in positicn 2 - punching of current errors

An 8 in position 3 - punching of current values for

variables

An 8 in position 4 punching cf reduced augmented matrix

Minus sign - punching of solution vector for reduced
augmented matrix

When the program has been loaded, thz 9 in the position 7 of
the console may be changed to an 8 if the operator does not wish the
program to check for condensation.

(b) Set programmed switch to STOP.

(c) Set half-cycle switch to RUN.

(d) Set control switch to RUN.

(e) Set display switch to PROGRAM REZISTER.

(f) Set overflow switch to SENSE.

(g) Set error switch to STOP.

(2) Place cards in the read feed so that they will be read in the
following order:

(a) Loading routine for program
(b) Computer program

Equilibrium program
Rocket package excerpt

LTv—d
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(c) Input data to be loaded:

Case card

r card: O/F, %F, or r (any one of the three may be
used)

Chamber-pressure card in lb/sq in. abs

Pressure-ratio schedule, as many as 25 pressure ratios

Atoms cards (ap,be,cp, + « .+ Jp;
+ - . + -
hf)Vf;Vf)a—x:bx:CXJ o e e dys hX,VX,VX)

(d) Packed vectors
(e) Thermodynamic data as coefficients

Ttems (a), (b), and (c) are loaded by & loading routine, while
(d) and (e) are read into storage by program read commands.

(3) Ready the punch feed with blank cards.

(4) Press computer reset key.

(5) Press program start key.

To aid in detecting errors, programmed stops have been incorporated
into the program. The following list gives the card number of the in-
struction, in the SOAP listing, which produced the stop; the contents

of the program register at the time of the stop; and the significance of
the stop:
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Card Instruction Significance
number
198 | HLT 0000 7766 |Thermal data out of order
229 HLT 0000 7777 |Elements plus condensed
phases greater than 10
325 HLT 0000 88S5 |Trying to process a molecule
or condensed phase before
all atoms done
378 | HLT 0000 8866 |Picked up wrcng thermal data
for the prcduct
635 | NZU XXXX 8877 |Trying to process too many
condensed 1hases
1702 HLT 0000 9955 | Overflow occirred during con-
struction of matrix
1740 HLT 0000 9966 | Overflow occuarred in back
solution
1827 HLT 0000 9988 | Some molecules ahead of some
atoms
1570 | NZU XXXX 9999 | End of progrim

LT%-H
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APPENDIX D

OPERATING INSTRUCTIONS FOR FROZEN COMPOSITION

To carry out frozen-composition calculations it is necessary first
to perform an equilibrium-combustion calculation. Thus, the initial
operating instructions are identical to those of the Main Calculating
Program (appendix C), with the exception that an additional instruction
1s included (with the input data (2)(c)) that causes the program to
stop when combustion calculations are complete. The instruction loads
into storage location "FROZ" (1362) and is HLT 9999 9999 (01 9999 9999).

The following instructions apply after combustion calculations are
complete:

(1) Run out any cards remaining in the read hopper.

(2) Place cards in the read feed hopper so that they will be read
in the following order:

(a) Loading routine for program
(b) Frozen-composition program
(c) A transfer card to start program at "START"
(d) Thermodynamic data as coefficients
(3) Press computer reset key.

(4) Press program start key.
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APPENDIX E

OPERATING INSTRUCTIONS FOR VECTOR AND PROPELLANT PROGRAM

The following operating instructions are for the Vector and Propel-
lant Program,
culating Program:

(1) Prepa

(2) Prepa

which may be used to prepare input data for the Main Cal-

re the appropriate alphabetic ATM and MOL cards. There
must be one ATM card for each chemical element and one MOL card for each
other product of reaction.

re

Fn, PFn, and EFn cards for each fuel, and Xn, Pxn,

EXn cards for each oxidant in the equivalent reactant.

(3) Set console:

(a) Storage entry switches (70 1951 19 9/8 8t); an 8 in posi-
punching of fuels, oxidants, an¢ percents and enthalpies

tion 2 -
of fuels

(b)
(c)
(a)
(e)
(f)
(&)

and

Set

Set

Set

Set

Set

Set

oxidants.

programmed switch to STOP.
half-cycle switch to RUN.

control switch to RUN.

display switch to PROGRAM RIGISTER.
overflow switch to STOP.

error switch to STOP.

(4) Place cards in read feed so that thes will be read in the fol-
lowing order:

(a) Loading routine for program

(v) Vector and Propellant Program

(¢) Input data to be read:

BOP card (if desired)

ATM cards

MOL cards

Fn, PFn, EFn, Xn, PXn, BEXn ir any order
END card

L1%-H
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(5) Ready punch feed with blank cards.
(6) Press computer reset key.
(7) Press program start key.

As an aid in the detection of errors, the following programmed stops
have been included in the program:

Card Instruction Significance
number

337 HLT 9999 1111 | Wrong symbol in AT™ program
342 HLT 9399 2222 | Wrong symbol in BOP program
351 HLT 9998 3333 | Wrong symbol in EFn program
364 HLT 9999 4444 | Wrong symbol in END program
378 HLT 998¢ 5555 | Wrong symbol in EXn program
388 HLT 9999 6666 | Wrong symbol in Fn program

395 HLT 9899 7777 | Wrong symbol in MOL program
404 HLT 9999 8888 | Wrong symbol in PPn program
414 HLT 9999 9999 | Wrong symbel in PXn program
424 HLT 9289 0000 | Wrong symbol in Xn program

460C HLT 2222 8888 | Trying to process ATM card after MOL, Fn,
or Xn cards

466 | HLT 3333 7777 | Symbol for atom has more than two letters
491 HLT 4444 6666 | More than 10 atoms processed

500 | HLT 5555 5555 | Trying to process more condensed phases
than are permitted

506 HLT 6666 4444 | Formula for reaction product has more than
15 letters and digits

509 HLT 7777 3333 [No chemical formula on MOL card

551 HLT 3888 2222 | An element on a MOL card that did not appear
cn an ATM card

616 | HLT 9988 9986 |More than 10 ATM cards

665 HLT 4321 4321 |Column equivalent for element not in table
680 HIT 2233 4455 |Subscript for element greater than 10 digits
684 HLT 5544 33ZZ |Subscript for element is @ digits

713 | HLT 8888 1111 |Enthalpy or percent greater than 10 digits

784 HLT 1111 1111 | Sum of percents not close enough to 100
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APPENDIX F

MAIN OPERATING PROGRAM (CHEMICAL EQUILIBRIUM)
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SYN
SYN
SYN
SYN
SYN
SYN
SYN
SYA
SYN
SYN
REG
REG
RFG
REG
aLa
aLR
ALR
BLR
aLR
BLR
BLR
ALR
8LR
aLR
aLR
aLR
BLR
REG
REG
REG
2EG
REG
REG
REG
REG
REG
REG

CHEMICAL EQUILIARIUM PROGRAM

PROTECT ROCKET PACKAGE EXCERPI
Y LOADING AVAILABILITY TABLE

FROZ
CHEK
PROR
€xp F
SORT
PUNCH
CARDN
LINK
TEMPL
TEMP2
A0961
B1247
€9050
00001
0001
0037
0087
0137
0187
0237
0287
01337
0387
0437
0487
0537
0587
F1110
Gan0l
HO9B7
11001
J1ooé
K1013
M9000
N9O15
P159%
091020
Q1075
To&60
unoso
Y0059
21340
pco
TEE

52

-

GC
IDENT

1362
0699
1904
1850
1900
1950
1852
1855
1048
1049
0980
1249
9050
0001
00Nl
0049
n099
0149
0199
02459
029%
0349
0399
0649
0499
0549
0599
1149
0015
0599
1005
1012
1€19
9000
9015
1659
1027
1099
0959
0058
o065
1349
FO0OO1
Foo02
F0003
FO004
FO005
F0006
F0007
Foooe
F0009
Foolo
FOO11
Fo0l2
FOO013
FGOl4
F0015
Fo0l6
FO017
fool8
FoQl9
Fn020
FOg21
Foo022
£0023
F0024
F0o25%
Foo26
Fo027
Fon28
Foo29
FOO020
Foc3l
£0017
0033
F0034
FOC3S
Frnis
F0037
Foo3s
F0039

LOW TEMP

HIGH TEMP
ATOM DATA
TWQ 3 FCuU*-

EXTRA H £

PRQOD DATZ

PRES RATIO
HEAT DAT#

PRESS ROV

LTv-d
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A7
as
Ro

G0

91

92

91

94

95

96

a7

98

99
Tnn
01
107
1013
104
103
106
107
108
1C9
110
111
112
113
11y
115
116
117
118
119
120
121
127
122
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142

164
1458
146
147
148
149
150
151
152
153
154
155
156
157
15R
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177

——

e b e e

BEGIN

RAU
5TL
STD
LDD
sSTU
LDD

ONE
LNAAY
LN
SN/R
HN/R
ADMOL
30MOL
£oMoL
S0MoL
SOMOL
coMCL
COoMOL
HOMOL
InMoL
JOMOL
P2
ConE
S1IR
ATOM2
T
Rv0CO
Rv001
RVO02
RVOC13
RYOG4
RVONS
RV206
RYODT
RY008
RV009
RVO10
RvQ11l
PVOl12
RVO13
RVOle
NT

MMONDT P>

LN NI
1A
1R
1C

10

1F
LANNT
TWO
THRES
FOUR
CPR

S CPR
HRT

S HRT

S5 SR
MINEX
MINCO
MAXCO
VARRL
TEM 1
TEMPO
MOVE L
MOVE 2
BASIC
INDXA
INDXC

ELMIN
NOROW
RDR
49

LNT
COMEX
PCRCT

T
THATA

IF COMEX

Fnoao
¢oa01
Gaono
Grena
Gnonna
50005
Go006
Goo07
G0008
50009
Gooln
Gocn:
Gon12
cnol1a
G00la
GNo1s
3000
9001
S002
20C3
3004
2005
3006
9007
apoe
R alol]
9C10
9011
Q012
9013
3014
9015
9016
9017
Q018
9019
9021
9022
9023
9024
9025
3026
9027
9011
Q012
9013
2014
9015
9016
a017
Q028
5029
9030
9031
9032
9033
90134
3035
9036
9045
9046
9047
9048
5049
3059
9058
9059
9050
THREE
FOUR
<Qoo1
C0001
coone
1193
f0000

ExP £
PCP 1

1s Z2ERO

RON WECTAR
Sy TRNRT
FROM 9005
TO 9018

SET Y0
COMBUSTION
FIRST PC
OVER P

T FROM LNT

WE ARE DOING

COMRBUSTION OTHERWISE SXPANSION
COMEX EQUALS MINIS UNITY FOR
THROAT AND PLUS

EXPANSION

UNTTY FOR

0000
0107
Clls
0020
0023
0031

&0
20
26
69
21
&9

0002
0111
0017
0023
$002
0024

0107
0l1ls
0020
1850
no3l
0637

67
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178

179
180
181

182
183
184
185

186
187
188
189
190
191

192
193
194
195
196
197
198
199
200
201

202
203
204
205
206
207
208
209
2lo
211

212
213
214
21%
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
231
234
235
236
237
2138
239
240
241
242
2413
244
245
246
247
248
249
250
251
25?2
253
254
255
256
257
258
259
260
261
262
?63
764
2648
266
267

1
1
1

R S g i

TDATA

TDOO1
BASIC
RDB

TD0OOS
BELL

UNPAK

upr

a

RAA
RAC
RCD
RAL
SLT
STU
RAU
SLT
SRT
SUP
NZU
LDD
57D
SET
SB8
AXA
AXC
HLT
RAU
FSB
BM1
RAU
FSB
BMI
SET
S8R

READ THERMAL DATA ROUTINE FOR
GENERAL ROCKET PERFORMANCE

CALCULATION
0000
0000 To001
BASIC BELL READ CARD
9051 RDB ARE WE
0004 GOING TO
9051 STORE IN
POO0L A COPRECT
0001 PLACE
0001
9051
10005
70008 C YES STORE
9058 THERMAL
9051 DATA
70001 C
0002
0010 TDOO1
0000 7768
9051 WAS THE
T DATA JUST
TDATA READ IN
T FOR THE
3050 CORRECT
TDATA INTERVAL
9050
TEMP] UNPAK

UNPACK ING ROUTINE FOR GENERAL
ROCKET PERFORMANCE CALCULATION

ATOML IS THE NUMBER OF THE
ELEMENTS IN THE SYSTEM AND IS
IN THE 1 ADDRESS POSITION

SYS 15 THE SUM OF ELEMENTS

AND CONPENSED PHASES IN THE
| ADDRESS POSITION AND MUST
AE LESS THAN OR EQUAL TO TEN

SYSTM 1S GENERATED FROM SYS
8Y SHIFTING TO THE D ADDRESS
POSITION

RAU UNITY 1s Svs

5LT 0001 GREATER

SUP 5YS THAN TEN

BMI UPGDO

HLT nO00C 77177

RAU SYS GENERATE

SLT 0004 1 ADDRESS
CONSTANTS

STU SYSTM SYS+1 AND

RAL SYS SYS+2 ANO

ALO UNITY ATM=1 ALSO

AU® 8001 D ADDRESS

AUP 8002 CONSTANT

STL SYs+l SYSTM FROM

ST SYS+2 5YS AND

RA!) ATOMY ATOM1

SUP UNITY

STU ATM=1

STL S CPR CLEAR THE

STH S HRT SUMMAT [ON

sTD & SR STORAGES

STp P

RAL STORE SET STORE

SLO SYSTM ORDER FOR

LDD UPQ3 SUBSCRIPT

sDA UPO33

LDD THC24 SET DATA

SDA THOZ24 ADDRESS OF

LDD THO35 THO24 AND

SDA THO35 THO35

RAU SYS SET SOLIDS

SUP ATOM] COUNTER

STU COUNT

STD SOLID

StT 0004 SET

RSL 8003 DATA

ALO STORE ADDRESS OF

LDD VvM0O07 vM007 AND

spa vMON7 vM048 TO

LDD vM048 RYO1l1R

SOA VM0Ou8 LESS SOLID

QAU LNT GET T FROM

LNO UPDO1 ExP E LNT

0034
064l
064t
9056
1193
01035
016:
al153
0109
0115
0073
0028
0070
Qo026
0081
o1
ool+
0027
104~
0203
0033
1037
0645
0025
0029
0084

011
019
0le5
01
00
00
01

w o~ W

003
06-1
023
0219
0057
00'5
0032
06139
L4
0c39
0117
0024
0030
00136
0215
0213
0643
0649
1139
0135
0155
0211
0251
0323
1047
0:z05
0711
021
0129
0773
0:79
0029
06:35
0r8as
057

80
a8
70
65
35
21
60
35
30
11
44
69
24
27
28
50
58
21

33
46
60
33
a6
27
28

0000
0000
9050
9051
0004
9051
3599
0001
0001
9051
0027
6667
9058
9051
6660
0002
0010
0000
9051
9003
0034
9003
9050
0034
9050
1048

0104
0001
0018
0076
0000
O01B
0004

0638
0018
0104
8001
8002
0079
0036
0642
0104
0164
9032
9034
5036
1112
0068
0638
1196
1196
0107
0102
0108
0108
0018
0642
0152
0158
0004
80073
0068
0126
0126
no8?
0082
c00n?
2110

0640
0646
1046
1193
0103
0l61
0153
0109
0115
0073
0028
06070
0026
0081
0113
0019
0646
7766
0203
0033
1037
0645
0025
0029
0084
0101

0159
0165
0123
0077
7717
0173
0083

0bal
0223
0209
0067
0075
0032
06139
0647
0259
0117
0024
0030
0086
0215
0273
Q€483
0649
1199
0105
0185
0211
0261
0323
1047
0205
0311
0021
0129
0373
0179
0229
0035
0085
0157
1850

LT9-2



E-417

768
769
270
271
212
213
274
275
276
217
218
219
280
281
282
2813
284
285
288
287
288
289
290
291
292
2913
294
295
296
297
298
299
a0n
301
302
303
304
305
306
307
308
309
310
311
312
111
214
315
ERY)
317
318
319
320
321
322
321
324
32%
3126
327
328
329
330
231

332
333
EETA
235
136
337
138
339
ian
341

243
364
245
ERYS
247
248
140
50
751
152
153
54
158
1;6
157
’1';9

[P

b b i b v e b

g

upant

A0N3
uPno3
UPLOb
upPoo?7
urPCo9
upny 2
upnN13

BDO3

UPO1®
upPn17?

UPo19

upn2zi

upPnN24

uPnN29
upn3n

UP031

upn33

uPNaT

uUPn2g

STORF
wiPF}
W1PED
one

sSTU
LoD
STD

RAC
RAA
PAL
STL
NZA
SXA
RAB
SET
513
NZR
SXB
AXA
ST
STR
RAA
RAR
RAL
STL
NZB
SXB

RAL
NZE
SLT
NZU
SRT
STL
SRT
STY
57D
AXA
AXC
RAU
STL
BV
RSU
SRT
sup
STD
AP
NZU
HLT
SLT
ALC
RAB
STL
RAU
NZU
AXA

T
ATOM]
ATOM?Z

INDEX ACCUMULATOR C
USED FOR PICKING
THERMAL DATA

nnoo
0012
WIPEL
9007 A
Uroos
00C1
0011
9007
0037 ~

00C1
0050
007
HNOOY
nooo
no13
WIPE2
RVQOO1 R
UPC1?
0001

80073
upno3
UPQO7

8003
UrON9

uPQ12

UPCOS

upo13

B0O3
urQ15
uPO19

8003

In

SET ATOM
COUNTER

WILL BRE
THE
FUTURE

CLFAR THF
LAST 13
POSITIONS
OF FIRST
12 BANDS
FOR MATRIX

CLEAR THF
H PEGION

CLEAR 14
CORF LOC2
FOR ROW
VECTOR

INDEX ACCUMULATOR A WILL RE
USED FOR PICKING UP THE
CURRENT PRODICT CODE IN FUTURF

NATA ADNRESS

oF

UP033 HAS PEFN

SFT TO RVOL1R MINUS SYSTM AT
START DOF UNPAK ROUTINE

£000L A

0001
upPQ21
0001
CODE
0001
T0008 C
T0010 C
0002
0n1o
Po002 &
CHECK

8003
0002
8003
TEMPO
ATOM2

0000
0001
51

8003
RVO11l B
TEMPO
uP029
0002

PREPARE FOR

MATRX

UPQ19

ur037
uP029
urPQ30

UP031

8855

UrPQ33

THERM

STORE PRUD
CODE IF
HERE 1F NO
GO CLEAN
UP MATRIX

Pass uP
SOLID AND
SET NI AND
DELTAT TO
2ER0

GAS OR
CONDENSED
SET ONE OK
LEAVE ZERC
IN RVOIL

CHECK ATOM

FLOAT AND
STORE THE
SUBSCRIPT
GET NEXT

SURSCRIPT

NEXT PRODUCT THEN

GO TO THE THERMAL RQUTIME

ONE
RVC1l
nne2
uPQ30
TEMPO
ooul
8002
UNE

TEMPO
ATOM2
UNTTY
CHECK
ATOMZ
TEMPO
TEMPO

uPD3B
uPD30

urQ3l

CONSTANTS FOR

Rv0O11 #

Q07 4
Fyonl R
anen

neon
upon3
UPQLS
nesl

SET ONE IN
RVO1ll

18 1T ONE
ELEMENT
YES IT WAS
Is IT AN
ATOM

IT WAS A
MOLECULF
17 WAS AN
ATOM

UNPACKING

0110
0167
1045

0151
0207
0163
8003
or7e
0.31
0l32
1038
1043
1040
1243
1299
1 TN
1399
1190
1266
0202
80013
0née
0069

0120
0253
0106
07213
118
0125
0217
0423
0170
0022
0128
0182
0305
0112
0265
0473
0279
1187
1292
0?01
0355
0156
02632
oc7l
1196
0154
0361
0216

0116
Q7252
0208
0315
0220
o178
0138
1392
0251
0405
0706
0313
0359
0162
0:19
0127

0068
anie
0255
1149

21
39
24

88
80
60
20
40
51
82
27
29
42
53
50
27
29
80
82
6C
20
42
53

65
45
39
+4
30
20

21
24
50
58
60
20
ué
61
20
11
24
10
44
01
35
15
82
20
60
44
50

69
24
30
uh
20
35
60
11
Lh
65
50
11
26
21
6%
21

o
20
20

12

S0073
D647
$002

0000
0012
nols
9207
0131
0001
0011
son?
2037
1243
0001
0080
o007
0987
nooo
00172
n2ss
94C5
0069
000t

3599
0106
nno!
0?17
noot
Qapen
000t
6667
6668
nno?
aon
G600
€309
076>
2n0n3
aQn?
8007
pen
ann?
0388
ngen
oncl
0166
8003
9414
anstg
0472
Qoc?

1146
S01%
norc?
0279
Ine9
nnol
8002
17295
Q408
7059
9nn?
0104
n3ee
Rlelepd
ansHa
Inss

9415
9207
@403
noon

0167
1045
0151

0207
0163
8007
0078
0132
8003
1038
1063
1040
0644
1299
1038
1799
1190
12486
0702
8003
0066
0170
8003

Qr53
0257
n213
ol1s8
0125
0182
0423
o170
00272
nioe
nL2e
0305
0112
nile
0473
0279
11H7
1742
020l
niss
A955
02673
0071
1196
0154
0361
0216
0072

0252
0208
0315
0220
0178
0135
12912
0751
07206
n279
n313
0359
0162
0119
n127
0156

Qo00
o078
0066
0051

69



70

259
360
361
362
363
364
365
366
167
168
169
27C
371
372
3173
374
3715
37¢
377
378
379
380
181
18?2
382
384
2185
3186
3187
EX-T-
389
390
361
392
193
394
395
396
397
398
399
400
401
402
403
4«04
405
406
407
408
409
410
411
412
4113
4l4
415
w16
417
«18
«l9
@20
421
422
423
424
425
426
427
428
429
43n
43]
432
4313
434
435
436
437
438
439
440
X
L4
443
XA
445
Y
447
448
449
450

b bt e e e s

— i

[

UNTITY
51
UNF

THFRM

THNO3

THNO7

THADS

00 0000 0001
an  nono 0051
12 0020 00oe

THERMAL ROUTINE FOR GENERAL
ROCKET PERFORMANCE CALCULATION

THE DATA ADDRESSES OF THO24

AND THOAS5 SHOULD RE SEY TC

RVO11lB MINUS SYSTM AT START OF
UNPACKING ROUTING

SET 9020 PICK UP

LBR T0001 C THERMAL
DATA

RAU 9020 IS THIS

SuUP CODE THE RIGHT

NZU THOO3 DATA

HLT 0000 BB866

RAU PQOOOO A

RMIT THOO?

IF DEALING WITH CONDENSED
PRODUCT SET LN NI TO ZERO

RAU LN NI LN NT 1S
STL LN N1 REALLY NI
STU NI THOOS

RAU LN NI GET NI

LDD EXP E FROM LN NI
STU NI THO09

SET TwO TWO 3 FOUR
LDR 30001 ON CORE
RAU D CALCULATE
EMp T CoR

FAD C

FMP T

FAD B

FMp T

FAD A

S CPR S HRT S SR MUST BE
CLEARED AT MATRIX CLEARING

STU CPR

FMP NI SUM CPRXNI
FAD S CPR IN CORFE
STU S (PR

RAU D CALCULATE
FDV FOUR HRT

FMP T

STU TEMPO

RAU C

FDV THREE

FAD TEMPO

FMP T

STU TEMPC

RAL B

FOV TwO

FAD TEMPO

FMP T

STU TEMPQ

RAU F

FDv 1

FAD TEMPO

FAD A

STU HRT

FMP NI SUM HRTXNI
FAD S HRT IN CORE
STU S HRT

RAU D CALCULATF
FDV THREE SR

FMP T

STU TEMPO

RAU C

FOV TwC

FAD TEMPO

FMP T

FAD R

FMP T

STU TEMPO

RAU A

FMP LNT

FAD TEMPO

FAD F

FSR LN NI SR OMINUS
S5TU SR LN PI

FMP NI SuUM SR

FAD S SR LESS LN PI
STU S SR X Nl CORE
RAU CHECK IS 1T ATOM

0ina
0156
1296

0072
0177

0253
0171
0329
0133
0134
0393

026
04:3
0270
0317
0355
0158
0,27
0232
0120
0357
0130
109
102
0171
004

03 3
04 1
02 &
1443
a3l
0409
02 2
045
05:3
0161
0184
04¢3

o
o
[T JRPVE W]

05¢3
1453
03¢1
02( 4
013
1041
1449
03(2
0455
0613
02:1
0lzé
043
03C6
01€5
11€8
11¢5
04f3
0382
0371
04El
1181
1459
04C?2
0381
1189

00 noC0 0001
00 000N 0051
10 00CN 0000

27
08

60
11
44
01
30
46

60C

21
60
69
21
27
09
60
39
32
39
32
39
32

9020
6660

9020
$000
0133
0000
4598
0256

027
9027
%019
9027
ol68
9019
9028
1247
9024
9003
9027
90072
9022
9003
3021

9021
5019
8032
9032
9024
903n
9007
905
9022
9029
3059
2003
9059
9022
9028
9059
5007
9059
9025
$003
3059
9021
5033
9019
N34
9n3a
anZa
9029
90073
9059
5023
s0ze
9059
90013
S022
S002
9059
9071
neo2
9ns9
5076
9077
9025
901¢e
9036
90326
€309

0177
0363

0121
0329
0134
8866
0303
0307

0413
0270
0227
0365
1850
0227
0232
0100
0357
0160
1039
1062
0171
0074
0353

0411
0214
1447
0301
0409
0212
0415
0523
olisl
0184
0463
0266
0573
0231
0234
0513
0316
0623
0281
0284
0563
1493
0351
0204
0183
1041
1449
0302
n4s55
0613
0221
0l24
04603
0206
0185
1188
1195
04573
n152
n33l
N461
1191
1499
0402
0381
1189
1063

LT9-¥
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-
»
e

479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
498
499
500
501
502
503
504
505
506
507
508
509
510
511
512
513 1
514 1
515
516
517
518
519
520
521
522
5213
524
526
526
527
528
529
530
531
532
533
534
535
536
£37
538

Il el ol S R P P

[V
w
0

TH22R

THN 24

THOZ27

THO31

THO35

THO39

THO4?2

THO44

THN4S
THO50
THO51

comB

EXPAN

THO47

ONF

UNTTY
BO0OO1
B0OO2
BOO03

NZU

RAY
STy
RPAL
ST
S5TL
570
RAU
RAR
STL
SET
LAR
RAY
Nz
FMP
FAD
sSTU
NZB
5x8B
RSU
FAD

THO23

REGION A IS PERMANENT STORAGF
QF ATOM GAS THERMAL PROPERTIES

HPT PERMANENT
A0001 R STORAGE OF
SR HRT AND SR
40011 LESS tN PI
10009 OF GASEQUS
10010 THCOG4Y ATOMS
aTM=1 SET MULT

5003 FREQUENCY
TEMPO For n1

anso

An001 THC24
RVYNI1 R

THO27

9050 A

TEMPD

TEMPO THO27

THO31

0001 THO24

TEMPO
HRT

ANaYs:]

STU RVO12 Ol IN 9016

STD
STD
RAU
RAR
SET
LB8
RAU
NZU
FMpP
FAD
STuU
NZB
$XB

TEM 1 AND TEM 1
T00CY ¢ AND T REGN
ATM=1 SET MULT
8003 FREQUENCY
9050
AD011  THO35
RVO11 B
THO39
9050 B
TEM 1
TEM 1 THO39
THO43
0001  THO3S

RAU TEM 1
FSB SR DELTA I IN
STU RVO13 9017

RSU 8003

STORE NEG

STU T0010 € THO44 DELTAL IN

AXC 0010
RAU KRT

T REGICN
H OVER R

FMP T IN HR
STU HR
RAU POOOO A

BMI

THO4S

RAU SR S PRIMED

Fs8

ONE THO50 OVER R

RAU SP THO50

STu

S1R THOS51 IN SIR

RAU COMEX
NZU EXPAN comB
RAU HR

STL
RAU
Lbo
ST
STU

10
00
20
30
40

RVQ00 THO47
S1R

HR

RV0O0O THO47
RVO14 MULT

CONSTANTS FOR THERMAL ROUTINE
nooo 0051
0000 0001
Q000 0051 TWO
0000 0051 THREE
0000 0051 FOUR

VECTOR MULTIPLICATION ROUTINE
FOR GENFRAL ROCKET PERFORMANCE
CALCULATION

WHEN THERE ARE N EQUATIONS THE
NTH APPEARS IN RAND 1 AND THE
1ST APPEARS IN BRAND N

IN THIS ROUTINE INDEX A WILL
TRACK THE CURRENT EQUATION B
WILL TRACK THF CURRENT
SUBSCRIPT C WILL TRACK THE
NUMBER OF MULTIPLICATIONS

THE SOLIDS COUNTER SHOULD RE
SET TO ITS MAXIMUM VALUE PRIOR
TO CLEARING MATRIX LOCATIONS

1ng2

0267
0175
0264
0271
0174
0z21
0z18
0169
cz22#
0136
1241
0102
0459
1163
0366
1245
0314
0317
0268
0225
0505
1213
0219
0371
0269
0278
0233
0108
0465
0319
0172
0401
0320
1073
0224
0431
0511
0369
0277
0122
0328
0235
1238
1295%
003
0407
0515
0356
0275
0283
0565
0370
1197
0419
0327
1395
0254

1149
0104
1247
1248
1249

£

60
21
65
20
21
24
60
82
20
27
08
60
44
39
32
21
42
53
61
a2
21
24
26
60
B?
27
08
60
44
39
32
21
42
53
60
33

61
21
58
60
39
21
60
46
60
33
60
21
60
404
60
20
60
69
24
21

10
00
20

40

0267

S021
4961
90135
4971
6668
6669
0164
8007
90509
05N
0961
Q415
1167
9450
S0s9
9059
0317
0001
9059
9033
9016
Q49
66698
0164
8002
5050
0971
9415
0319
9450
9049
9049
1073
0091
Q049
9035
9017
8003
5669
0010
S023
5001
1192
3598
0356
90135
1149
9035
9001
0111
Q419
1192
9004
9001
1192
9004
9018

0000
0000
0000
0000
0000

n218

0l75
0264
0271
0174
0321
0l22
0169
022R8
n136
1241
0102
0459
0314
0366
1245
0314
0268
cloz
0225
0505
1213
0219
0371
n269
0278
0233
olo8
0465
0320
0172
0401
0320
0224
0lo08
043)
0511
0369
0277
0l22
0328
0235
1238
1295
0503
0407
0515
0275
0275
0283
0565
0370
1197
0254
0327
1395
0254
0561

0051
0001
0051
0051
0051

71



T2

540
541
542
543
544
545
546
547
548
549
550
551
552
553 1
554 1
558

556

557

558

559

560 1
561
562
5613
564
565
566
567
568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
5813
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
6la
518
elé
617
618
619
620
621
622
623
624
625
626
627
628 1

e

bt

[

MULT
vM001

YM002

vM007

VMO013

vMO17
vMO21

vM023

VM027

VM101

VMO028

vMO031

VMO035

VM104

VMO36

vMO37

vMnN39

yMos 1l

LDOD
sTD
LoD
sT0
RAU
BMI

RAU
MPY
RAA
RSU
RAB

RAC
LDD
SXC
SXC
RAU
NZYU
FMP
STU
SET
Lo8
RAU
NZU
FMP
FAD
STU
NZC
AXC
SET
sT8
AXB
NZB
RAU
SXA
RAA
RAB
RAU
NZU
FMP
STU
RAU
RSC
SET
LD8
RAU
NZU
FMe
FAD
STU
NZC
AXC
SET
sTe
NZ8
SX8
RAA
RAU

RAU
STL
RSC
SET
LDB
RAU
NZU
FMP
FAD
STU
NZC
AXC
SET
sTR
RAU
FAD
sTU

THE DATA ADDRESSES OF VvMOO7
AND VMO48 SHOULD BE SET TO
RVO118 MINUS SOLID AT THE
START OF THE UNPACKING ROUTINE

8005
INDXA
8007
INDXC
P0OOOCO
VMQO42

vMQo01

STORE INDX
A AND C
FOP THE

TIME BEING
15 PROOUCT
CONDENSED

GASEQUS PRODUCT PROCESSING

SYS+1

50
8002

ATOM1
8003

8003
SOLID
8001
0002
RVO11l

NI

TEMPO
9037
0037

RVO13

TEMPO
9049
9049

0001
9037
0037
0001

8006
0050
0000
0001
RVOl4

NI
TEMPO
SYS+2
8003
9037
0037
RVO13

TEMPO
9049
9049

0001
9037
0037

0001
0950
RV000

SYS+2
RVD11
8003
9037
0087
RVO13

N1
9049
3049

0001
9037
o087

NT

3

P

vM002

vM0O7

vM023

vMO13
vMO17?
vM017
vM021
vMO13
vM023
VMO27
VHM002

VM101
VM104

vM028
vMO31
vM031
vMQ35
YM028
vM104
vM036

VM1G1

VMO37

VMD39

VMO39
VMO41
vM037

yMO61

SET INDXA
TO SYs+l
TIMES 50
SET INDEXB
TO ATOM
NEGATIVED
SET INDEXC
TO INDEXB
LESS SOLID
LESS TwO
1s IT ZERO
SUBSCRIPT
SUBSCRIPT
TIMES NI
BRING IN
EQUATION

PERFORM A
MULTIPLY
AND ADD
ANY MORE
TO MULTPLY

ANY MORE
EQUATIONS

COMPLETE
B80TH THE
ENTROPY
AND THE
ENTHALPY
DURING THE
EXPANSION
SET INDXC

00 THE
LAST
EQUATION
WHICH 1S
ENTHALPY
OR ENTROPY

DUR ING
EXPANSION
ENTHALPY
EQUATION
1S IN 095¢
BAND

ALSO FILL
IN THE
PRE SSURE
EQUATION

sum Pl

0561
0367
1173
0379
0285
0553

0457
0333
4456
0615
1297

0506
0364
0611
0417
0126
0383
1237
1240
1397
0652
1290
1467
0451
0304
0433
0502
0555
0%56
1¢61
1288
1044
1497
0605
0648
0354
0210
Q467
04621
0274
0u81l
1291
0150
0655
1390
1547
0501
0404
0482
0552
1055
0606
1161
0222
0325
0531
1287

0176
1391
1198
0656
1211
1440
1597
0551
0454
0533
0602
1105
1056
1261
1450
1697
1239

&9
24
69
24
60
46

60
20
89
27
09
60
44
39
32
21
48
58
27
29
60
32
21

8005
9029
8007
9030
3598
0606

0079
0ls6
8002
0642
8002

8003
0158
8001
0002
9415
1237
9019
3059
5037
2037
9617
0451
9059
9649
9649
0555
0001
9037
2037
0001
1497
8006
0050
0000
0001
9018
0421
9019
9059
0036
8003
9037
2037
9617
0501
9059
9649
9649
1055
0001
9037
2037
0325
0001
0950
9004

0036
9015
3003
9037
0087
9617
0551
9019
9649
9649
1105
0001
9037
Qo087
9019
1112
1112

0367
1173
0379
0285
0553
04657

0333
0456
0615
1297
0506

0364
0611
0417
0126
0383
1288
1240
1397
0452
12%0
1447
0502
0304
0433
0502
0556
1290
1061
1288
1044
0648
0605
0506
0354
0210
0467
0222
0274
0481
1291
0150
0655
1390
1547
0552
0404
0483
0552
0606
1390
1161
6222
0176
0531
1287
0467

1391
1198
0656
1211
1440
1597
0602
0454
05133
0602
1056
1460
1261
1490
1697
1239
1065

LT9-4



E-417

CA-10

629
63n
631
632
633
634
635
536
537
638
639
640
641
6472
6413
644
645
&46
647
£48
£49
65n
a51
652
653
654
655
656
€57
658
659
660
661
667
6563
664
665
666
667
668
669
670
571
672
673
&T4
575
676
677
678
670
480
681
682
6812
684
685
686
~87
488
689
&9n
691
692
693
694
A
A6
A97
698
(99
700
701
707
7072
704
708
706
707
708
e
710
IS
71z
Tl2
714
715
716
717
718
719
720

SRR

.

e

VMGO42

YM111

vMNs5 ]

mngl

50

MATRX

MconR

wenny
MC o9

MCr15

MCcmM 7

MENT Y

CONDENSFD PRODUCT PROCESSING

COUNT 1S NUMBER OF UNPROCESSED
CONDENSED PRODUCTS

RAU COUNT
NZU 8877

ARE WE TRYING TO PROCESS TOO
MANY CONDENSED PHASES

RSB 8003 SET THE

ALO 8003 INDICES TO

SUP UNITY STORE

ALO 8001 CONDENSED

STU COUNT PHASE

RAU 8002 EQUATION

MPY 50 AND ITS

RAA 8002 ENTHALPY
OR ENTROPY

SET RVOO1 STORE THE

STB 0037 A EQUATION

RAU RVD1l4 STORE THE

5TLH 0047 # ENTHALPY
OR ENTROPY

FMP NT COMPLETE

FAD 0047 ENTHALPY

STU 0047 ROW

RAU COMEX

NZU VM111

RAU RV0O0O

S5TU HOC1l R

FMP N1

FAD HOO11l

STu HO0011 VM111

RAU SYS+1 COMPLETE

MPY 50 THE COLUMN

RAA 8002 FOR AAY

RAL ATOM1

RSB 8003 VM048

RAU RVO11l B

NZ U VM051

FMP NI

FAD 0047 A

STU D047 A VMOS1

AXB 0001

NZR VMO&1

$X4 0050 VMD48

RAA INDXA GO TO NEXT

RAC INDXC UP013 PRODUCT

CONSTANTS FOR VECTOR MULTIPLY
ROUTINE
00 0000 0050

MATRIX CLEAN UP ROUTINE FOR
GENERAL ROCKET PERFORMANCE

CALCULATION

RAL LMAAY GET aAY
LDD MCOO3 EXP E FROM
STU AAY LNAAY
LDD ATM=-1 SET INDX8
RAR 8001 TO ATM=1
RAIS SOLID
AUR UNTITY SET INDXA
£UP 85001 TO soLlID
MPY &0 PLUS TWO
RAA  8NNP MCO0T TIMES 50
RALL ANMOL R MCNOS ADD MASS
FMP AAV BALANCE
STU TEMPO AND
FSR 0047 & ENTHALPY
FAD 0049 a OR ENTROPY
STU 0049 & DELTAS TO

MATRIX
RAU TEMPO STORE
FSR 0047 A ERRORS
FPy TEMPQO
STU RvON2 R
RMR MC(3]
NZR MCO15 MCel7
SXAR  NOO1
AXA  NO050 Mcoe?
eAA  00N0
RSR 0001
RA) COMEX
NZ1] MC019 MC021
Lhn < SR PLACE S/R
STHh  NQ4a7 IN FNTROPY

0406
0507

1311
0420
0377
0509
0517
1155
1263
1106

1165
0470
1540
1747

0200
0603
1223
0250
1215
0469
0627
0300
0653
1273
0820
0583
1156
1265
1797
Q082
1289
1543
1396
1323
1194
0350
1053
1065
1373

0186

0257
1205
0258
0236
0567
1423
1313
0559
0617
1206

1315
0609
0633
1441
1473
037%

0652
0659
1523
0226
0983
1337
1590
1446
1491
1298
0504
1365
0519
0425

60
44

83
15
11
15
21

19
80

27
29
60
21

39
32
21
60
44
60
21
39
32
21
60
19
80
60
83
60
4t
39
32

52
42
51
a0
88

00

60
69
21
69
82
60
10
10
19
80

60
39
21
33

21

60
33
34
21
473
42
53
50
80
A3
60
44
59
24

0152
1311

80032
8003
0104
8001
0152
8002
0186
8002

3005
2037
3018
4047

5019
0047
Q047
0111
0469
9004
4997
9019
0997
0997
0079
0186
8002
0642
8003
9415
1543
%019
2047
2047
0001
1053
0050
9029
9030

N000

0001
0258
1133
0164
8001
0158
0104
8001
0186
8002

4005
11723
9059
2047
2049
2049

9059
2047
9ns9
406
0286
15%0
a001
0050
0000
0001
0111
0s19
3036
0047

0507
8877

0420
0377
0509
0517
1155
1263
1106
1165

0470
1540
1747
0200

0603
1223
0250
1215
0520
0427
0300
0653
1273
0520
0583
1156
1265
1797
0082
1289
1196
1396
1323
1194
0350
1065
0082
1373
1246

0050

1205
1850
0236
0567
1423
1313
0559
0617
1206
1315

0609
0653
1441
1473
0375
0652

0659
1523
0226
0983
1337
1491
1446
1315
1298
0504
1365
0570
0425
0400

73



T4

721
722
7213
724
725
726
727
728
729
730
731
732
732
734
738
736
737
73R
739
740
Thal
747
763
Tab
TLs
746
Tu7
T4B
749
75n
751
752
752
754
75%
754
787
75R
750
760
761
762
1612
754
765
766
767
768
769
ksl
77‘1
772
772
774
775
776
777
778
779
780
781
782
782
784
78%
786
787
788
789
79¢C
791
792
793
794
795
796
197
798
799
a00
801
202
RO
A04
ans
RO6
ANT
&an8
809
8lo
811
B8l?

v

R R

MCr21
MeA3

MC1073

MZINA

M09

MC115

MC117

MC121

mMC123

8003
8NNz
MC133
MC135

MC139

MCla?

MC151

MC153

MC159

oAl

RAIY
oAl
FeR
<THY
FAD
STU
RAU
FOV
Ty
PALY
M7t
RAY
Fue
AN
STy
SET
LDR
SFET
STR
RAL
FAD
ST
RAL)
FMP
FAD
STU

RSU
SLT
STL
AUP
STU
RSU
AUP
STY
RAU
NZU
RSA
LCD
RAC
RSU
AUP
AUP
AUP
MPY
RAA
LDD
sTO
LOD
STD
RSU
AUP
MPY
RAA
SET
LDR
RAA
RAU
ALD
LOD
STD
NZC
AXC
SXA
AXE
NZA
ALO
STL
RAU
NZU
RAU
NZU
RAL
NZU
ALO
STL
RSU
SLT

sn/R

HN/R
on

D
TEMPO
0099
0099
TEMPO
PO
VNN
COMEX
Vr"l"\Q
5 (PR
T
nou 8
NO4uR
9037
0027
9037
H0001
< CPR
0068
0048
s (PR
T
ness
0998

MCo09

MO0

MC102

MCINS

MC115

MC115

RO AND
COLUMN A

ADD
POESSURE
DELTA TO
MATRIX

STORE
£2R0OR

COMPLETE
ENTROPY
AND THE
FNTHALPY
FAUATIONS

DURING COMPLETION OF SYMMETRIC

PORTIONS OF MATRIX
INDXA WILL TRACK THE
EQUATICN RFING USED

PHASE

FOR GAS

INDXR

WILL TRACK THE NDIAGONAL
paSITION ANP INOXC WILL TRACK
THE CURRFNT MOVE OPERATION

THE PHASF TEST WORD CHECK 1S
ZFRO FOR GAS REFLECTION AND
UNITY FOR SCLID REFLECTION

SOLID
0004
CHECK
LoD

MOVEL
SYSTM
STO

MOVE 2
ATM=1

8003
8006
8001
8001
SOLID
UNTTY
8001
50
B0O2
8005
INNXA
8005
INDXA
8006
UNITY
50
8002
9037
0037
INDXA
MOVE 1
MOVE?2
9046
004t
MC135
0001
0050
0001

UNO
MOVEZ
CHECK
MC160
SOLID
MC153
CHECK
MCO&1
UNITY
CHECK
SOLID
N004

MC151
MC117

MC123

MC123

8003
8002
MC133
MC139
8003
MC151
MC143
MCI17
MCo&41

MC159

SET CHECK
7O GAS

GENERATE
MOVEl AND
MOVE?2
ORDERS
SET INDXB
70 ATM-1
NEGATIVED
SET INDXC
TO [INDXB
INDXA 1S
scL1D PLUS
TWO MINUS
INDXB ALL
TIMES 50

GAS

CONDENSED

REFLECT
ONE
EQUATION
AT A TIME

GAS OR

ANY SOLICS
IN SYSTEM™
SET CHECH
TO SOLID

GENERATE

0400

057¢C
0286
0569
1339
1298
Cal5
1052
1059
1415
1673
T46%

620
417
1080
ne25
1601
1256
1690
16445
0619
0527
0575
9651
1159
2262
0625

1740
1363
1673
0312
1069
0577
1593
1051
1209
1169
1723
0282
1338
1244
1101
1413
1259
1067
1306
1565
0471
0450
1356
0362
1219
1309
1406
0627
0332
1790
1448
1255
8003
8002
0500
1103
1359
0554
0260
1463
0521
0378
1513
0324
1563
1217
1663
0368
1409
0612
1713

60

60
60
23
21
32
21
60
34
21
60
b
60
39
32

27
09
27
29

32
21
60
39
32
21

aJoloxc]

alslel
nnle
1112
3059
0099
0099
3059
0015
3004
0111
Q619
9032
9003
0048
0048
9037
0037
9037
0987
9032
0048
0048
9032
9003
0998
0998

0158
0004
0309
1515
9058
0638
1496
9059
0164
1723
8003
8006
8001
8001
0158
0104
8001
0186
8002
8005
9029
8005
9029
8006
0104
0186
8002
9017
2037
9029
9058
9059
9646
2047
1103
0001
0050
0001
1463
0416
9059
0309
1167
0158
1217
0309
0318
0104
0309
0158
0004

0609

0609
0569
1339
1398
0475
1052
1059
1415
1573
1465
0620
0477
0080
0525
0601
1256
1690
1445
1740
0527
0575
0651
1159
0262
0625
1740

1363
1673
0312
1069
0517
1593
1051
1209
1169
0324
0282
1338
1244
1101
1413
1259
1067
1306
1565
0471
0627
1356
0362
1219
1309
1406
0627
0332
1790
1448
1255
8003
8002
0500
05564
1359
8003
0260
0324
0521
0378
1513
0282
1563
0318
1662
0368
1409
0612
1713
1773

LT¥-d



E-417

CA-10 back

£14
R1a
a1s
BN
917
ALK
nla
na2e
a2
a2n
224
A 24
HPE
RS
027
a2q
a2a
RAr
23
247
A3
234
238
Ql6
R27
238
R3n0
R4r
241
Au>

R5u4
R5S
R56
857
258
8%
860
A861
R62
R63
PhHY
R645
964
R67
RES
RAQ
aTn
A7
_R712
ara
274
w75
276
PTT
278
R7q
“gn
761
RE?
kB2
284
REF
QR
2R7
ane
SRa
©GA
“ G
RG2
2Ga
R TN
age
oy
9a7
L1
QQaQ
cAn
any
ang
EEE
ey

s e e s g a

MC16n

MENG T

MCOLD

vreea

venge
Mrnen

MCTE]

Mr52

nrrgg

M oA

STir TMPR
AP NN

STI “nyeEy
LAY TEWPA
AIID TR

STIL MOVFE D
PATE SOUIR
RLR ANC3
LON ATv=]
ReC  antl

QAL SV
MDY EB(
Dap ADD?

MmCLen

Mo

AT THIR BOIMT
ITEDATIAN W[ | RAE NMEEREQR
RV TESTING (M
NFLTA MIIRT a8 | FQQ THAN

SOME CPECTFIFD yALUF
PAR  NO52 MC042
RALL ATOM]

ALID N TTY

BAC  AON3 MCN4a
RAY RYONG 7

Fan  RONS

AZrL Mo053

7o MnGe
TXr nony MCN4L3
PAR  NOS4 ¥COsN
Raa 000D

RAC 0070 MCNG1
RAL PNDOL A

M2t M52
QAL TOOLO ~

axa  nnnp

AXC  NnoIn

Fan  8nng

NZ1p MO053 MCN51
RAN TESTX

N2 MT054

LD UNITY

TR TESTX

paAR  NNS53 MC050

MOVEL AND
YOVED FOR
COPDENSEN
PHASF

INDXAE I8
NEG SOLID
INDFXC I8
ATM~1

NEGATIVER
INDXA IS
Sys+1

TIMES 50

e

FXPANENT FACH

EXP TEST
ITERATION
CONTINUED
UNTIL THE
EXPONENT
OF DFLTAS
IS E1GHT
LESS THAN
THAT GTVEN
AV woRn

IN INDEXA

DFL sul 1

CQOP VERGED
1F ERROR
LESS THAN
EXPON 45
OMCE OR
EXPON 46
TwlICE

SHEN CONVERGEN GO TO (054

e T

ST TEFR
<ET 9089
| PE TEMP]
RAL Q05)
Fgp T

AM[ MC0&88
QA T

Fap QN&RN
PMI Mr0Rg

POUTINE TO (HECK NN

SAVE TEMP
N DeUNM
WAS THE
ITERATION
DOME WITH
THE RIGHT
THERMAL
DATA

TRANSITION

FROM CAS TN CONNSNSED PHASE

1€ POSITION

s AN
PROGRAM

7 ow

THE CONSOLE

SIGHT COMMENGING

IS PASSEY AY

THE PROGRAM ASSUMES THAT ROTH
GAS AND CONDENSERr VFCTOR ARF
IN STCRAGF

Lo RaNO
/N7 NoNE
eTL w1
RAR 00NN
RAC Q000
Rl PROO]
NZU

RAL DOON?
ap]

RAL PNAN]
LT nom
N711 MC NS

PAL TNENE
amp

DALY {IN[TY
2T nnel
ALD 2no0l
STL PNOOL
PRI BIMTTY

N

vC230

w227

M7

MCP19

INITIALIZE
SWI1TCH Syl

ANY MORE
PRONICTS
YES IS IT
GASEOUS

N

WAS THF
SOLTIN ysEn
YEE 18 NI
NERATIVFE
YEQ [GNQRE
THIS SOLID
NEXT TImE

1773
0581
1269
1177
73125
1151
1459
17672
1167
1267

1823
1033
1456

0318

0374
1438
1809
Qaul8
1175
1305
0210
1813
0414
1070
0276
0382
1153
0557
0424
0130
0336
1665
0308
1715
117¢
0607
Q464

1319
1225
0514
1369
1201
1705
1389
1693
1251
0631

0385
1561
1546
0604
0360
Q466
12072
0657
1355
408
12572
109
nN614
0571
Quty
na1n
1317
1303
1107

21
10
71
&N
10
21
Xe)
83
69
8S

50
19
10

82

60
10

60
32
A
48
59
82
80
88
60
&4
60
50
58
32
44
60
4l
69
24
82

49
24
27
08
60
13
45

33
46

h9
97
20
80
B8
60
4b
60
46
&5
asg
a4
65
46
650
30
15
20
51

an53
151%
sp5a
Qanes
14%6
ansae
nlsRA
5007
0les
2001

0079
C1Re
RON?

0052

0642
0104
RO03R
9604
RONA
1559
1812
2001
0054
noon
ole]ale]
1599
0557
6669
ono2
nnin
ROC6
15509
1361
1319
0104
1361
0053

50032
1mnmn
9050
1048
9nsy
5002
1242
9003
9050
1247

8000
12%a
1301
nnnn
o000
3569
0657
1600
04C8
4553
onol
0564
6667
Davs
0104
nont
3599
3599
0194

nsal
1269
1177
N335
1151
1455
17673
1167
1267
1823

1033
1456
D450

0374

16498
1509
naels
1175
1305
0310
nala
o418
1070
0276
0382
1153
0308
0424
0130
0336
1668
n3az
1715
1170
0607
0464
1070

1225
nals
1368
1201
1709
1285
16972
1251
n631
n3asg

1541
1546
nN604
0260
0466
1203
0358
1355
1759
1253
1809
n61la
0871
1759
nel1n
1317
1303
1102
n460

75



76

ans
ane
“nY
<nA
anc
a1~
a1
212
ala
ala
als
ol
917
218
ale
az2n
21
Q2?2
nz=

e

ME2NE

MeINT

Me211

cseT

Me218

w217

vr21Q

wr75
w221

PEEEY

alallls

MCPER

MErER
wMrney
MrngQ
MCAAD

TESTY

AFYT?

2a8 0000
RALI PDOO2
AP PNON2
M2y

sue  AON1
aAxs 0002
DALl RONK
MPY FULNF

RAR  BOD2

2 MC207
7
MC2711

MC207

NO LOCATE
THE GAS
PHASE
VECTOR

FOUND IT

INDEX C LOCATES SOLID AND
INDEX 8 THE GAS PHASE DATA

LDn 3007
STHD INDXC
Lnn TEE
STD T

SET TwWO
LRR RQ001
LA MO218
STN LINK
<ET 9010
LAR TnoCl
RAU 1E
FOV T

STY TEM]
ral 1D
FDY TwD
EMP T

FAD 17
FPV THRFE
cmp T

Fanp 19
Foy TwO
Fup T

Fan 1F
FS3 TEML
ST TEM 1
pAal ONE
SR LNT
FMD 1A
FQR TFM 1
<TI) TEMRO
LDn RONG
RAC RONL
LR Mr217
esir ROC3
FAD TFMPO
F<R LNNI
aMI

DAL 2n0NT
cLF o aned
et AnAal
<1 PNeC]
2801 HNITY
ATtD Yy
<T1) SYS
LN UNITY
eTh snl
oAC TNAXC
LY A nonz2
R TG Ta R Gl
cTy TEETYX
sart Swl
N713 IINDRY
Lnn S SR
STN <

LRN E HRT
ST OH

LN ATv=1
pre RAONY
LR aYG+?
rea  ACM)
cET  G9NhHY
Le’ 2009
<TT 9059
SRR 70010
sTL TESTX

F/RT

TN

F/RT

MC225

ve219

MEPYS
M7

Me2nd

DANE

-

A
-

- Me0sT
NCNsa

STORE
INDEX C
GET T TWO
AND THREE
FOR CORE

CaLCULATES

S/RT FOR
<GLID AND
Gas

STORE F/RT

CHECK FOR
CONDENSING

17 SHOULD
HAVE RFEN
CONNENGEN
FIx IT

MOANTEY

ovs

SFT SWITCH
e

ATV ANCE TO
THE NEXT
oRODUCT

ANY WRONG
DDO'N]CTS
SUIMMATIOM S
CF S/P AND
H/QT 0N
netm

INDXC 1S
ATM=1 NFG
INDXA IS
SY5+2 NEG
STORF
PRESSURF
POW IN

7 REGION

TEQT FANSOLE FOR PUNCHINE

[NTFQMEHYﬁTC

LDD ITERA
LDD DERIV
LDD V060
LDD TEE
<Tn T

TR LTNKL
Lnn RN00
anD PELS
L"\"l ﬂ(]ﬂ()
Ph'&, \/AD! o

TEST]
TESTL
TEST]

TNATA

NFXTY

MEXT?

AN CWFRS

TEMENRARY
PUMCHES
F Ok

1564
220
405
55

Y510

1367

1560

1417

1591

1549
1505
1411
1064
1320
1275
0550
1506
0458
1164
1214
0621
0524
0981
1439
1297
1495
1325
N4TR
1031
1461
1264
1467
1548
155¢
1314
14072
naze
0432
1753
1511
1517
0574
1227
0435
1765
1545
1598
14573
0610
1667
1157
0460
0624
n71
1n57
1699
1759
1815
0358
1364
170%
17294
0600
1277
1183
o516
1667
1074
1489
1595
0650
1202
1107
1247

1559
1257
1414
1717
1464
0566
0272
05238
12723
1539

82
60
10
44
11
52
60
16
82

69
24
69
24
27
0¢
69
24
27
03
60
34
21
60
3%
29
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1451
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1451
1454
1455
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SEYTL
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FOyv
LoD
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STU
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FDV
FAD
FMP
FMpP
Fov
Fhv
ST

PAY
FDV
Fov
FMP
FOV
sTU

RAL
Fhv
FMP
sTH

QAL
FOV
sSTU
RAU
FSR
FMp
FSB
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STU

LINK]
M

H
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LIS
CONSG
1

ONE

M
RECMC
TEE
CNNS2
!
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N1

TFE
AAY

1
CONS2
CONS1
Aw

R
cp
RF CMC
Q2rPMC

ONE
GAMMA
TEMPO
LMTP
ONE
RCPMC
TEMPO

NAW

SORT

LINK]

CALCULATE
SPECIFIC
IMPYULSF

CALCULATE
SPECIFIC
IMPULSE
EXPONENT

CALCULATE
AREA PER
UNIT FLOW
RATE

CALCULATE
R OVER

CP TIMES
MC

CALCULATE
AREA PER
UNIT FLOW
RATE

EXPONENT

CALCULATE THOSE PERFORMANCE

RAU
FMP
FOV
STU

RAU
FDv
STU

RAU
FMP
FuMp
FAD
STU

RAU
FMP
FMP
FDV
LDD
STU
RAU
FDV
sTU

RAU
FSB
FOV
FSR
STU

RAL
FSR
STU

I

GC
CSTAR
CF

AW
AWT
EPSIL

AW

P
CONSI
1

I vaC

GAMMA
TEE
cons2
M
MACH1
TEMPO
1
TEMPO
MACH

ONE
LMTP
CPMR
RCPMC
NT

NAW
MAWT
NEPS

SORT

PNCH

PARAMETERS WHICH HAVE NOT YET
AEEN CALCULATED

CALCULATE
THRUST
COEFFICIEN
C susB F

CALCULATE
AREA RATIO

CALCULATE
SPEC IMPLS
ASSUMING
AMBIENT
PRESS ZERO

CALCULATE
MACH
NUMBER

CALCULATE
TEMPERATUR
EXPONENT
N suB T

CALCULATE
ARFA RATIO
EXPONENT

ROUTINE FOR PUNCHING ROCKET
PERFORMANCE PARAMETERS AND

COMPOSITION OF COMBUSTION

RAU
STL
SET
STB
RSA
RAR

PRODUCTS

8003
CARDN
MOoo1
Foool

0005

0004

SET CARD
NUMBR ZERO

PUNCHES 2
PERFORMANC

04BO
0422
1179
1560
1716
1670
1674

1331
1692
1700
1229
1182
1035
16588
1742

1750
0558
0612
1766
1720
1724

1381
1792
1800
1804

1062
1770
1774
1431
1744
1824
0658
1737
0618

1777
1185
1688
1794

1701
1660
1816

16425
1533
0636
1751
1481

1801
1710
1068
1471
1475
0578
1235
1352
1058

1168
1525
1108
1218
1285

1402
1760
1452

0322
1279
1158
1268
1318
1575

24
60
33
34
69
39
21

61
34
32
39
39
34
34
21

60

34
39
34
21

&0
34
39
21

60
34
21
60

39
33
a3
21

60
39
34
21

60
34
21

60
39
39
32
21

60
39
39
34
69
21
60
34
21

60
33
34
33
21

60
33
21

60
20
27
29
81
82

1419
5024
S003
9032
1670
90133
9004

9039
9005
9025
2001
9031
9004
9004
9015

9001
9023
2004
30131
9030
3020

3036
3010
9025
0608

9039
9011
9059
9013
9039
0608
9059
9015
9021

9004
9037
9019
9006

9020
9027
3007

9020
9002
9030
9004
9009

9011
9001
9021
9005
0578
3059
9004
9059
s008

9039
9013
1216
0608
9016

9021
9026
9017

8003
1852
5000
1110
0005
0004

0422
1179
1560
1716
1900
1674
1331

1692
1700
1229
1182
1035
1588
1742
1750

nss58
0612
1766
1720
1724
1381

1792
1800
1804
1062

1770
1774
1431
1744
1824
0658
1737
0618
1419

1185
1688
1794
1701

1660
1816
1425

1533
0636
1751
1481
1801

1710
1068
1471
1475
1900
1235
1352
1058
1168

1525
1108
1218
1285
1402

1760
1452
0322

1279
1158
1268
1318
1575
1531
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STD
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cFT
LDD
M7
PAL
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RAA
AR

PeC
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<TL
AXC
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MZY

sTU
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waly
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pAYy
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sSTU
AXA
BXR
A
e
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PAL
DAY
Lon
24t
NZU
LOD

RAL

07
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Fou
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Ll
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cony
o
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Fan
o
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[=Xatl]
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N
o
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Fort
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A1y
eot
enn
[ 1Xl
crry
[tk
[Salll]
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nEsT
v0011
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[nng
wAnng
Fantl
apEr
<per)
DALMY

SpEC?
nonoe
4000

0095
2003
Mno11
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PnOnZ
covos

TRONE
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0010
nnol
COMPL

<pEC)
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onenl
Comp2
UNPAK

DneRHD
DR

comou

ComMP5

=xP £

cnmMes

SPACE
C’TN‘DE
campR
PUNCH

FROZ
PCP 1

T0008 R COMPY

MNO06
MOONA
MANRNG

CF
FpelL
MEOH
1 VAC
o
GasMMa
LMPT
LmTP
S

MT

NT
NEDS
MCETR
CeTAR
At
Naw
ugTR
ALY
e
RECKME
MAWT
ABT
heTR?
P
[l I ]
~ANE D
[alal =1
lalal AN

jalole))
neosé
necoe

FRont
Fonng
FO003
£0006
F0005
Fanoe
FAno?
FAone
Fnone
Foanln
Fnoetl
Fonl2
Foni3
FoOla
Fnols
Foolé
Fno17
Fnole
Fonle
Fno2n
LRt
Foo22
FNC23
FN024
F0D25
Fon26
Fon27
Fnn?e
£an29
FN030
Fnnal
Fnoz2
:{‘,n?‘l
FAnla

DARAMETER S
On & CARDS

FACH CARD
HAS &
DARAVETERS
BLuS
IRENTIE] -
CATINN AS
6TH WIRD

CLEAR
POSITIONS
FOR
PRODUCTS
AND CORES

DD WE HAVE
A FRODUCT
LcaD CODF
TEST FOR
CONNENSED
caLc Pt

FROM [N D]
AND LOAD

PRONUCTS
AND CODFS

CCND IS NI

CONSTANTS FOR PUNCH ROUTINE

5171
787

507
208
A6B
575
w30
w18
w12
2329

1521
1258
1468

1825
1581
1552
1810
1518

522
1628
1308

1162
1820

0476
1352

1312
1571
2526
15872
1702
1408
1568

1212
1668
171#8
1379
1232
1458
1362

1262

1725
1775
1671

69
24

42
53
80
27
faR
40
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&9

65
80
B2

89
60

58
49

893
6¢C
44y
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00
06

anR
s0in
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o001
noos
Inne
4110
1521
1724
1507
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0000
0000

0005
80013
9610
naot
1552

0004
3599
1162

$609
0001

3600
1262

4667
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9609
0002
0010
0001
0628

1664
1775
1571
1232
1599
1825
0101

4667

5005
9005
50NS

1787
1502

1258
1368
1675
nsao
1418
naT12
1229
1950

1329
1468
1825

1581
1552
1810
1518
ns22

0628
1308
1212

1820
0476

1358
1312

1571
1850
1583
17027
1408
1568
1212

1718
1379
1379
1950
1458
1362
06137

0526

0006
0006
0006
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1549
1560
1551
1552
1552
1554
1858
1554
1857
1658
1559
1860
1561
1562
1567
1564
1565
1566
1567
1568
1569
187
1571
1572
1872
1574
1575
1576
1677
1578
1579
1580
1581
1582
15813
1584
1585
1586
1587
1588
1289
1590
1591
1592
16912
1594
1598
159%
1597
1598
1599
1400
1601
1en2
1407
1504
1408
1ang
1507
140R
1ane
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1411
IAL1D
1613
1614
lals
1416
1417
1518
lela
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1621
15272
1621
1A20
1428
1424
TR27
1420
14260
1A30
1431
1e42
1432
HECEEEY
lr25
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1437
1£38
1540
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—
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CLFR1

81073
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UNTITY
WIPET

SOLVE

START
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torol
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NNz
Hnnng
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nenarg
unnog

yonng
AEAls¥alrd

vAnni

F
Enn
£o0
[elV)
Fou

<D
RAL
20
(TL

RAA
SLT
STL
RAU
STL
<11
NZMS

RAY
EDV
STU

RAR
RALI
STL
SXR
M7 R
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aTL

STD
ST
SUP
LVall
RALL
£y
STU
AUP

STD
STU
paYy
STy
sTD
CTL
Lon
RO
<TU
SUP
EMT
MpPY
caRn
£XR
QAL
Syo
43
RAaA
RAC
SET
LDR
SET
Loe
R A
M2y
RPAF
cny
PaM
<TL
SXA
M7 A
ST
RAL
SXa
SET
LA
Rar)
Fono
aM T

TNNSS
57

3

GC
INENT

SUPROUTINE

PRESSURE

L IMK
pPCECT
UNITY
PrPCT

5001

onne
PRDOR
20000
TESTX
orp

or
Dep
Pa

ool
WIPE?
FNnoo1l

0001

ann3

COMSTANTS

noeo

]

F0035
Fno3e
Foo3v7
Fon3s
Fo039

Q399

CLER]

8003
L1

L INK

TO SET ASSIGNED

ADVANCE
OPESSURE
RATIO
COUNTER

NEW PC/PF
TEST FOR
LAST BL/PF

CLEAR 18
PARAMETER
STORAGES

FOR ASSIGMED
PRESSURF SURROUTINE

nool

Fonol p CL 1

SURRQUTINE FCR
N SIMULTANEQUS

LTNK
EQuaT
HMITY
0K EH
DO04as
nnn4s
nNN&gs
UNITY

LINK
NOROW
00049
NOROW
MTNEYX
MINCN
annn
ARATN
VaRA[
UNTTY
SHOVE
50
N2
NORCW
NOROY
UNTTY

Qf\(\?

ROO3
Mool
nNNsg
o001l
tropnl
tacn]
cnoani
[alelant
MANNY

annz
M’Wf)(\l

nony
onena
MAXCO
NORDW

nool
nenl
vnnnl
MAXCD
MANNT
conne

LInNK
START

RACK]

STRT1

connl
conn?
LEAVE
CONta
onnng
£hp0s
oo
cnoes
cnooe

cnool
cnon2
cones
[alaaY

SOLUTIOM OF
EQUATIONS

BACK
SOLUTION
ONLY

STORE EQUA
NUMARER

MUST EnUA
AF SHIFTED

INDXB
FOLLOWS
EOUATIONS
INDXA THE
VARTARLFS

RRING EQUA
TO CORE

DIVIDE THE
FOUATION
RY THF
LEADING
COEFICIFNT

TO ZERC

SEAPCH FNQ
MAX MM
COSFICIFNT

0637
1508
1721
1412

1771
1028
1752
1558
1429
1768
1818

1821
0572
1462

0622
1178
8003
1072
1228

0104
1681

1698
1708
1172
1562
1272
1758
1802
1222

0230
1808
1322
1662
1372
1278
n9ge
1767
1422
1479
1812
1572
1672
1731
1722
1529
1772
ne76
0334
1822
1328
1176
1781
0050
0051
0ns52
ons2
onsa
nnss
nnsé
ons?
0054
1326
0384
1376
1831
0ns59
0060
aneGl

24
65
15
20

80
35
20
60
20
21
44

60
34
21

82
60
20
53
42

00
20

26
21
11
44
60
34
21
10

24
21
60
21
24
20
69
91
21

46
19
8?2
53
60
11
44
80
88
27
09
217
08
60
44
60
34
67
20
51
40
21
%0
51
27
0%
60
33
46

1855
0017
01046
0017

8001
0004
1904
3074
1361
1110
1821

1109
1110
0015

0018
1681
5110
0001
80013

joalele]
5110

1858
1512
0104
12722
0049
onag
0049
0104

1855
3049
0049
an4Q
apys
9046
AONN
1422
9048
0104
1522
0186
8002
3049
[049
0104
ns76
&nna
ROO2
000
4049
S0=0
0050
annn
one2
e20Nn
000
RO0R
9200
noM
9057
9047
9049
0001
9050
0059
9047
3200
9n&a

1508
1721
1412
1771

1028
1752
1558
1429
1768
1818
9993

0572
1462
0622

1178
8003
1072
1228
1855

0001
1072

1708
1172
1562
1272
1758
1802
1855
1662

1808
1322
1712
1372
1278
N98E
1762
1472
1479
1812
1572
1672
1731
1722
1529
1772
n626
REEY
1822
1328
1176
1781
9050
9051
1226
9053
3054
9055
9056
ens?
9058
1326
0384
1376
1831
9050
9051
9052
9055

83
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16U
1a47
1664
1665
1646
1647
1648
TAGQ
1+5r
HECR

1652
1657
1654
145¢
16856
1657
1658
1659
166N
1661
1667
1667
1464
1665
1666
1667
1668
1669
1670
1671
1672
1673
1674
1675
1676
1677
1678
1679
1680
1681
1682
1683
1684
1685
1686
1687
1688
1689
1690
1691
1692
1693
1694
1695
1696
1697
1698
1699
1700
1701
1702
1703
1704
1708
1706
1707
1708
1709
1710
1711
1712
1713
1714
1715
1716
1717
1718
1719
1720
1721
1722
1723
1724
1725
1726
1727
1728
1729
1730
1731

vannyg
ynons
YronA
yrnn?

anny

LERYE

SRV

STRTO
STRT1

o1V

10001
100702
10003
10004
10008

NEXTR

NEW R

OFLO1
ouT 1

Jonol
Jeooz
Joeco3
Jeeos
Joroes
Jonoeé
Joona7

2EROU

BACKS
&1

BACK]

57

lﬁ!\
cTn
<Y A
N7
2233
N7y
FAD
AM]
LND
eTn
Lnn
TN
=238}
CUD
QALY
SuP
NZU
RAU
SuP
MPY
RAA
RAL
supP
wey
RAR
SFT
LOR
LDR
SET
518
sts
RAU
SUP
NZE
MeY
RAB
SXB
SET
LDB
RAA
SET
LB8
RAL
FDV
ST
SXA
NZA

SET
ST8
SET
LB8

SXB
AXB
BOV
BMB
5XB
SET
LOB
RAA
HLT
RAU
SUP
RSU
FMe
80v
FAD
STU
SXA
NZA
SET
STB
RAU

RAU
FDV
LCD

570
RAB
RAC
SET
LBR

sSXC
STU
BOV
RSL
RAA
AXA

Y labt
MAXLOD

Ann
cnocl
MINCC

MAXCO
ROCK

MAaXCE
MINCO
VARAL
M NF X
VARRL
UNITY
NOROY
MINEX

NOROW
UNITY
50
8002
MINEX
UNITY
50
BON?2
ulalelan)
00037
0c037
M0001
00037
00037
NOROW
UNTTY

50
8002
NOROW
M0001
D004
NOROW
C0001
10001
MO001
mMOO001
MC001
0001
cooct

M0002
D0O050
Co001
Joool

0080
NOROW
QFLO}
ouT 1
NOROW
NOOO1
00049
NOROW

0000
NORCW
UNITY
NOOO1
MO001
ZERQU
NOOO1
NOOO1

0001
ELMIN
NDOO2
D0050

8002

NO0O3
N0OOO2
EQUAT

NOROW
0000
0001

coo0l

X000l

0001
D004S
OFLO2

8007

8002

0001

4 cnons
£anoe
croo?

RNOK

LFAVE

LEAVE

AGAIN

STRTO

A S5TRTO
STRT1

BACKS

DIV

Co001
A C0002
Co003
A COO04
C0005
NEXTR

NEW R

ELMIN
9955

START
<0002
A C0O003
C0004
A CO005
A C0O006
co0c7

8 NEW R

Co004

Bl

BACK1

s$7

PLACE
SMALLEST
COEFICIENT
IN MINCO
AND ENUAT
NUMAFR IM
MINFY

GO TO NEXT
ETUATION

SHIFT THE
EGUATIONS

TRANSFER
EQ TO CORE

DIVIDE
ELEMENTS
OF FIRST
EQUATION
aY LEADING
COEFFIC

AND STORE
BACK ON
DRUM

ANY MORE
EQUATIONS
CHK OVRFLO

YES

NO

ELIMINATE
A VARIABLE
CHK OVRFLO

OVERFLOW

LEAVES THE
LAST
VARIABLE
IN UPPER

CHK OVRFLU

0162
0363
64
€265
1626
1683
1728
1476
1788
1526
12872
©576
226
733
522
i579
1676
1679
1726
1176
1826
1335
1378
1428
1478
1528
1783
1578
1678
0434
1728
0580
1472
1778
1332
1828
1729
1779
0484
1829
0630
138%
1001
1002
1003
1004
1005

1030
1435
1180
1485

1230
1036
1280
1535
1380
1430
1585
1480
0534
1330
1530
1006
1007
1008
1009
1010
1011
1012
1680
1685
1580

0626
0584
1730

1780
1712
1830
1186
1382

1432
1482
1532
1582
1682
1732

69
24
51
40
61
44
32
46
69
24
69
24
60
11

11
4l
&0
11
19
80
€0
11
19
82
27
09
09
27
29
29
&0
11
45
19
82
53
27
09
80
27
08
60
34
21
51
40

27
29
27
08

53
52
47
43
53
27
29
80
0l
60
11

39
47
32
21
51
40
27
29
60

60
34
69

24
82
88
27
08

59
21
417
66
80
50

9200
90467
0001
05N
9p4b
1738
90&7
1788
9067
5046
904R
Q045
90LAR
0104
9049
9065
1679
3049
0104
0186
8002
9045
0104
0186
8007
9000
2037
4037
9000
4037
2037
5049
0104
1332
0186
8002
9049
9000
4049
9049
9050
1001
9200
9000
9200
6001
9050

3001
%050
9050
1006

0050
9049
0534
1330
9049
9015
4049
3049
0000
9049
0104
9015
9200
1580
9215
9215
0001
9050
9016
4050
8002

9017
9016
1512

9049
0000
0001
9050
1013

0001
6049
1735
8007
8002
0001

Q9054
9055
9056
1426
1683
1788
1476
1226
1526
1282
1576
1226
1733
1427
1573
1676
0580
1726
1776
1826
1335
1378
1428
1478
1528
1783
1578
1678
0436
1728
0580
16472
1778
0626
1828
1729
1779
0486
1829
0630
1385
9050
9051
9052
9053
9054
1030

1435
1180
1485
1230

1036
1280
1535
1380
1430
1585
1480
9050
95955
1530
1662
9051
9052
9053
9054
9055
9056
1680
1685
1230
9053

0584
1730
1780

1712
1830
1186
1382
16432

1482
1532
1582
1682
1732
1782
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1732
1733
1734
1735
1736
1737
1738
1739
1740
1741
1742
1743
17464
1745
1746
1747
1748
1749
1750
1751
1752
1753
1754
1755
1756
1757
1758
1759
176n
1761
1762
1763
1764
1765
1766
1767
1768
1769
1770
1771
1772
1773
1774
1775
1776
1777
1778
1779
1780
1781
1782
1783
1784
1785
1786
1787
1788
1789
1790
1791
1792
1793
1794
1795
1796
1797
1798
1799
1800
1801
1802
1203
1804
1R05
1806
1807
le08
1809
1810
1811
1812
i8l3
1814
1815
1816
1817
1818
1819
182n
1321
182>

- o e e

s s g

s e et i s b e e b

OFLO02
49

KOnNo1l
KNNo2z
K0No3
KQNo4
KQ005
KQC06
K0C07
ZERUP

REDUC

SHIFT

8000
RODO1
ynool
voLe?
vOnna
vonos
voTos
vonne
vore?
v0l08
PCH10O
vores
verlo
voell
venl1z
Vo1
vollse
Vnalh
¥nnle
yony
vonle
vnole

AX8
SXA
BMA
AXA
SET
Les
SET
LDR
HLT

49

SXA
RSU
FMp
B0V
FAD
STU
NZA
RAU

STD
RSR
RAA
SXA
AXR
SET
LDR
SET
578
SXA
NZA

REG
REG
RFG
£QU
EQU
£QU
EQU

RCD

74}
SET
LDR
PAA
RAR
RAC
SuP
STu
RCD
NOP
RAU
nZu
RAU
NZU
RAU
A1
R
NZU
LT
SLO
PAL

0049
NOROW
LINK

NOROW
M0QO1 VARTABLES
D049 C IN MOOO1
NOOC1 COEFFICNTS
00049 =~ s1 IN NOOOL
0000 9966

0000 0000

CALCULATE AND LEAVE NEXT
VARTABLF IN UPPER

0001 cooo2
MOON1 4 CO003
NOOO1 A CO004
ZERUP C0005
NOOO2 A CO0DO06
NOOO1 A C0007
S1 s§7

8002 C0005

CHK OQVRFLO

SUBROUTINE TO REDUCE MATRIX AY
ONE COLUMN AND ONE ROW

LINK REDUCE
8003 MATRIX
8003 ay
0001 SHIFT ONE
0050 COLUMN

40001 AND

DO049 R ONE

MO0O01 ROW

00000 R
0001

SHIFT LINK

ROUTINE TO LOAD PACKED VECTORS
AND GENERATE ATOM1 AND SYS THE
PROCGRAM DEFINING CCNSTANTS

PRECEED PACKED VECTORS WITH
A LOAD HUE TRANSFER CARD WHICH
IS NOP GO TO V0001

FOLLOW PACKED VECTORS WITH A
LOAD HUR CARD WORD1 EGUAL ZERC

THE PROGRAM BYPASSES THE
PROPELLANT IDENTIFICATION CARD

INDEXB TOTALS GASEQUS ATOMS
INDEXC TOTALS CONDENSED PHASES

OASIS SPECIFIES WHICH OF THE
CONDENSED PHASES ARE USED

R1951 1960 READ BAND
V1599 1659 IN PREGION
9000 9000
PCHIO 1986 WRD 10 PCH
ODIN C0Q48
OASIS Co049
RELAY <0050
ROCO1 1998 CONSOLE
0000 V0001 TRANSFR CD
cneos Vooce?2
Vooo3 cneos
alofele} C0004 CLEAR
nano Co005 INDEX A B
jslolole) C0006 AND €
8003 coco?
RELAY cooo8
PCHL1O 9977
0000 C0009
R0OO01 coolo0 ARE ALL
co0l1 Coo42 VECTORS [N
ROGO2 coolz MO BYPASS
cnel3 cocos NONVECTORS
RNO004 <0014
0025 CRo15 IS THIS

nonz2 nole AN ATOM OR
nozs coor? MOLECULE
0oC1l coo1s8
ODIN €0019
2002 cooz¢

1782
1832
0634
0984
1034
1184
1234
1284
1735
1334

1013
1014
1015
1016
1017
1018
1019
1384

1748
1434
1484
1534
1584
1684
1734
1784
1785
1236
1286

8000
1951
1599
1600
1601
1602
16C3
1604
1605
1606
1586
1607
1608
1609
1610
1611
1612
1612
1614
1615
1616
1617

52
51
41
50
27
09
27
09
01
49

51
61
39
47
32
21
40
60

264

80
51
52
27
09
27

51
40

70
00
27
09
80
82
BB
11
21
70
00
60
a4
60
“ad
50
46
30
b4
35

55

0049
9049
0984
9049
9000
6049
9015
4049
0000
0000

0001
3200
9215
1344
9216
9215
9050
8002

1855
8003
8003
0001
0050
9000
4069
9000
4000
0001
1584

1951
0000
9002
1601
0000
0000
coon
8001
9049
1956
slajele}
1951
3010
1952
3012
1954
qQz4
fokelody
5024
ocQtl
9047
8002

1832
0634
1855
1034
1184
1234
1284
9050
9966
0000

9051
9052
9053
9054
9055
9056
1432
9054

1434
1484
1534
1584
1684
1734
1784
1785
1238
1286
1855

1998
1599
1600
2002
3003
9004
9005
9006
9007
9977
9008
9009
5041
3011
9007
2013
9014
5015
sgle
9017
2018
9019

85
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1823
1824
1825
1826
1827
1RZ2R
1829
1830
1831
18132
1833
1834
1835
1836
1837
1838
1839
1860
1841
18472
1843
1844
1845
184¢
1847
1848
1849
1850
1851
1852
18512
1854
1855
1856
1857
1858
1859
1860
1861
1862
1863
1864
1865
1866
1867
1868
1869
1870
1871
1872
1873
1874
1875
1876
1877
1878
1879
1880
1881
1882
1883
1884
1885
188¢
1887
1888
1889
1890
1891
1892
1893
1894
1895
1896
1897
1898
1899

1900
1901

-

—

o

I -

b b

—

vn.2n
von2l
verz?2
vonz2a
ver2a
venze
vorze
vorze
vnnza
ven2s
Voo
vor3l
voG32
Vee33
vor3a
von3s
vOoC36
verat
ven3e
ven3e
vorear
VOT4l
vocs2
VQoras
VOO44
vonus
Vo046
Vo4

vonag
yOres

10008
T0N18
70028
TON38
TCCL8
TOOSE
T0068
TONTE
TOC88
TQC98
70108
TO118
TC128
T0138
T01l48
TN158
T0168
TC178
70188
10198
T0208
70218
Tpz228
T0238
T0?248
T0258
10268
T0278
Tn2eeE
Y0298
Goaol
50002

FIX H

NZE C0025 coe21
AXR 00Cl 0022 GAS ATOM
RAU RELAY cnoz3 ARE ALL

NZU €002« o037 ATVMS AHEAL
HLT 0000 9388

LDD ODIN {0026 1T IS A
STD =ELAY coe27 MOLFCULE
RAY RNOCH cocze 18 PRODUCT
aMl C0029% cco3t CCNDENSED
RAU OASIS CO03C ¥Zs

SRT 0001} €0c31
5TU OASIS Co032

RAL 8002 coo33 1s 1T 70 /

NZE C0036 C0034 BE USED
RAL R0002 coe3s YZS

AXC 0001 €0038

ALO R00902 <no038 NO

RAL RO002 €no3s

STL POOCY A CNO3C STORE CODE

{20 RJO0N4G Co040 AND VECTOR
STD POOD2 & CO04L
AXA  00C2 cooos
RAYU 8007 C00a3
STL PO0CL A L0044
LOD 80C6 Coos5

STD ATOML Co04ab STORE SYS
AUP  BOD1 C004? AND ATOM]
STU SYS CHEK
CONSTANTS
10 0000 000G ODIN
11 1111 1111 0ASTS

AUILT IN ESTIMATES FOR
ALL THE VARIABLES

10 0000 0040 ESTIMATES
10 0000 0040 FOR LN OF
10 0000 0040 COMPOSITCH
10 0000 0040 EQUIVALENT
10 0000 co40 TO PARTIAL
10 00720 0040 PRESSLRES
10 0000 0040 oF 1

10 0000 0040 ATMOSPHERE
12 nooC 0040 FOR ALL

10 0000 0040 GASEOUS

10 00CO 0040 PRODUCTS
ic 0000 0040

1¢ 0000 004C

10 0000 0040

10 0000 Nouo

10 0000 0040

10 NOOO 0040

10 0000 0040

10 0000 0040

10 0000 0040

10 0000 0040

10 0000 0040

10 0000 0040

10 0000 00%0

10 0000 0040

10 0000 0040

10 0000 0040

10 000C 0n&0

10 0000 0040

10 0000 0040

50 0000 0051 LNA ESTM T
82 4300 0051 LNT ESTM' T

TO RUN AT CONSTANT ENTHALPY
AT VARIOUS PRESSURE RATICS
LOAD THE FOLLOWING CARD

STL COMFX H FIX CONST #
TO RUN FROZEN COMPOSITION
CALCULATIONS LOAD THE
FOLLOWING CARD

HLT 9999 9999

PAT

1618
1619
1620
1671
1622
1623
16246
1625
1626
1627
le28

[ 1629

1630
1631
1632
1633
1634
1635
1636
1637
1638
1639
1640
1641
1642
1643
1644
1645

1646
1647

0667
0677
0687
0697
Q707
0717
027
0737
Q747
0757
0767
0777
0787
0797
0807
0817
0827
0837
0847
0857
0867
0877
o887
0897
0907
0917
0927
0937
0947
0957
0001
0002

1610

1362

45
5S¢
60
4y
c1
&9
24
60
45
60
3C
21
65
45
65
58
15
65
20
69
24
50
60
20
69
24
190
21

10
11

10

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

10
10
10
10
10
10
10
10
10
10
10
50
a2

20

01

90724
0001
0L
003
oean
ana?
9nss
19%4
5028
Q4R
0Ccel
Gpu8
8002
3035
1922
0001
1952
1852
4569
1954
3600
nocz
BCOT
3599
80Ce6
0642
8001
0018

0000
1111

0000
0000
0000
cocn
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
onon
0000
aone
0000
00970
0000
0Qoe
0000
o000
00nn
nono
)l o]
0000
0000
2020
000
0000
4300

0101

9993

5020
9021
9022
3026
Q9ns
<078
9076
9027
9036
9029
9030
9031
9032
2031
5034
5037
9p3 7
5037
Q078
9039
9040
5007
5042
9043
90464
5045
9046
0499

0000
1111

0040
0040
0040
0040
0040
0040
0040
0040
0040
0040
0040
0040
0040
0040
0040
0040
0040
0040
0040
0040
0040
0060
0040
0040
0040
0040
0040
0040
c040
0040
0051
0051

1764

9999

) TH-W
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1902
19013
1904
1905
1906
1507
1908
1909
191n
1911
1912
1913
1914
1915
1916
1917
1918
1919
1920
1921
1922
1923
1924
1925
1926
1927
1928
1929
1930
1931
1932
1933
1934
1935
1936
1937
1938
1939
1940
1941
1942
19413
1944
1945

1946

1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963

[ N T e e S S e e e e ]

e b

[ il g

—

DELS

DELS1

DELSZ2

DELS3

DELX

BLA
BLA

RAL
ALO
LDD
RAA
RAC
RAU
NZU
STu
LOD
STD
AXA
AXC
RAL
ALO
t.DD

LDD
RSA
SET
LDB8
RAL
ALO
LDD

PUNCH ROUTINE FOR TESTING
GENERAL ROCKET PERFORMANCE
CALCULATION

PUNCHING 1S CONSOLE CONTROLLED
BY POSITIONS 2 3 4 AND SIGN
THESE POSITIONS MUST BE EITHER
EIGHT OR NINE PUNCHING OM B

POSITION 2 PUNCHES ONE MINUS
P/P0 ETC AND NEGATIVE DFLTAI

POSITION 3 PUNCHES P T AAY
AND THE COMPOSITIONS NI

POSITION 4 PUNCHES THE
REDUCED MATRIX

A MINUS ON CONSOLE PUNCHES
CORRECTION VARIARLES

ANY COMBINATION OF ThZ FOUR
PUNCHES MAY BE USED TOGETHER

1656 1659
0940 0959

PUNCH THE DELS AT THIS TIME

PCHO1 PUNCH ONE
ATOM1 MINUS A
DELS1 PUNCH OVER AQ
0000 ETC
0000 DELS2
POOO1 A PUNCH THE
DELS3 PRODUCT
3000 A CODES AND
T0010 C THE DELTAI
3001 A
0002
0010 DELS2
8005
PCHOZ2
NEXTI1 PUNCH

PUNCH THE SOLUTION TO THE
CURRENT MATRIX

SYS+1] PUNCH THE
8001 SOLUTION
9000 TO THE

D0049 A CORRECTION

PCHO?2 MATRIX

SYS+2

UNPAK PUNCH

CONSTANTS FOR THE PUNCH
ROUTINE

1181
0941
0947
0950
0956
1386
0953
0957
1436
1486
0942
0948
0958
1536
0945

1564
1586
0943
0949
0952
0946
0944

69
81

09
65

69

1336
0642
0950
000
0000
3599
0957
3200
6669
9201
0007
010
8005
0540
1233

0079
8001
9000
2049
0940
0036
0101

87

0941
0947
1950
0956
1386
0953
0958
1436
1486
0942
0948
1386
1536
0945
1950

1586
0943
0949
0952
0946
0944
1950
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1964
1965
1966
1967

1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
19812
1584
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
199¢&
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2n08
2009
2010
2011
2012
20113
2014
2015
2016
2017
2018
2119

1

—

bt pd et s

bk s

PCHQO1
PCHO2

VARIA

VARO1

VARO2Z

VARD3

VAROQS
VARQ7

VARDS

VARI11

MTRIX

MTRO1

MTRO3

pPCHNA
PCHOS

06
06

PAT

BLA
BLA

RAU
LDD
STU
LOD
STD
LOD
STD
RAL
LOD
RAA
RAC
RAU
NZU
STD
RAU
BMI
RAU
LDD
STuU
LDD
STN
AXA
AXC
RAL
ALO
LDD

RAU
MPY
RAA
SET
LDR
RAL
LDD
NZ A
SXA

06
06
PAT

RV000
9000

1652
0920

LNT
VARO1
9000
p
9001
AAY
9002
PCHO3
VARO?2
0000
0000
PO0OO01

9000
PooO2
VARC7
T0008
VAROS

5001
T0008

5001

0002

n010
PCHO2

8005
NEXTZ2

SYS+1
50
8002
9000
no37
PCHO4
MTRN3

0050

aenn
9000

>N >

0002
0000

1655
0939

EXP E

PUNCH
VARO3

VAR11

EXP E
VARO9

VARO9

VARO3

PUNCH

PUNCH OUT THE MATRIX

MTRO1

PUNCH
LINK]
MTRO1

0003
0013

PUNCH THE CURRENT VARIABLES

PUNCH TEMP
PRESSURE
AND AAY

PUNCH THE
PRODUCT
CODE AND
MOLES OF
EACH

COMBL STION
PRODLCT

CONSTANTS FOR THE PUNCH
ROUTINE

1336
0940

1392
1657
0920
0927
0921
0928
0936
0951
0959
0922
0929
0935
1653
1658
0923
0955
0925
0926
0930
0924
0931
0937
1652
1659
1654
0932

1503
0933
1656
093¢
0939
1655
1726
1786
0938

0954
1686

06 9004 0002
06 9000 0000

60
19
80
27
09
65
69
“0
51

06
06

0002
0920
5000
1112
9001
1133
9002
0954
N922
J000
0000
3599
1658
9200
3600
0924
6667
0930
9201
6667
9201
0002
0010
0940
RO0O5
1394

0079
0186
8002
9000
2027
1686
1786
0928
0050

3000
Q00

1657
1850
0927
0921
0928
0936
0951
0959
1950
0929
0935
1653
1659
0923
0955
0925
0926
1850
0937
0931
0937
1652
0935
1654
0932
1950

0933
1656
0934
09139
1655
1736
1950
1419
0534

0003
0013

LT%-4
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CA-12

2020
2021
2022
20213
2024
2025
2026
2Nn27
2028
2029
2030
2031
2032
2033
2034
2035
2036
2037
2038
2039
2040
2041
2042
2043
2044
2045
2046
2047
2048
2049
2050
2051
2052
2052
2054
2055
2056
2057
2058
2059
2060
2061
206>
20673
2064
2065
2064
2067
2068
2069
2070
2071
2072
2073
2074
2078
2076
2077
2078
2079
Zage
2081
7082
2083

—

b b bt bt pd b d Y

NEWNO
MAGOD

MAGO1

MAGO?3
MAGOS

TOP
MAGO7

MAGO9
MAXMA
Q0006
NEw21
NEW18

NEW6EO

MCG21

ITFRA

HOLDI1
DERIV

HOLD?

PROGRAM CHANGE 50 CONTROL SIZE
OF APPLIED CORRECTION

RLA 1652 1655
RLA 0920 0939
REG (C905%0 9050

LOAD AVAILABRILITY TABLE GIVEN
8Y CARD NUMRFR 1967

LDD MAGDO SOLVE

LDD SYS+1

RSA 8001

RAR 8001 BRING

RAC 8001 SOLUTION
SET M0001 VECTOR TO
LOB D0049 A MAGO1 CORE
RAM M0O0O0O1 B MAKE ALL
STL NOOOl B COMPONENTS
NZR MAGO3 POSITIVE
SXR N0O01 MAGO1

RAU NOOO1 C MAGOS FIND THE
FSR Nn0OO0O C LARGEST
AM1 TOP COMPONENT
RAU NOOCO C MAGO7
FAD NOCQO C MAGO7
SXC 0001 IF THE
NZC MAGOS5 COMPONENT
FSB MAXMA IS LARGER
BMI MAGO9 THAN MAXMA
LDD F0040 STORE THE
STD RATIO NEWO1 RATIO OF
FAD MAXMA COMPONENT
FDV MAXMA TO MAXMA
STU RATIO NFWO1

50 0000 0051 MAX RATIO
NZB C0001

FOV RATIO 00007
RAU D0048 B

FDV RATIO NEW22
RAU D0OO049

FDV RATIO NEW19
RSU D0O48

FOV RATIO NEW6E1

PROGRAM MAY 8E MODIFIFD TO
CONVERGF FOR ASSIGNED
TEMPERATUR® AND PRESSURE RY
INCLUDING THE FOLLOWING STEPS

BLA 0910 0919
RLA 1650 1651
RALlI HO/R

STL RVOO1 MC031
LDD HOLD]

STh RACKS

RAU SYS+2 NFw0OO
SuP  80C3 R1
LDD H0LD2

STD BACKS»

RAL SYS+2 D1
<AL MNOC3 R1
PAT

1691
0951
0932
0938
1652
1658
0920
1653
0921
0928
0931
0933
0954
0934
0937
0939
1654
0922
03926
0955
0959
1655
1659
1656
093¢
0929
1025
0935
0512
1657
1157
0924
1806
0925

0570
0910
04u6?
0918
0936
0915
17¢5
0914
1686
0911

60
20
69
24
60

69
2u
60
60

0951
0079
8001
{001
3001
9000
2049
9400
9415
0931
0001
9615
9614
0937
9614
9614
0001
0954
0979
0959
1149
0923
0929
0929
0923
0000
9050
0921
4OLA
0923
0049
923
0048
0923

0004
9005
nQgl15
067A
00%6
Q07
no i
C62H
Q<6
95017

1698
0932
0938
1652
1654
0920
1653
0921
0928
N933
1653
0954
09134
0939
1654
1654
0922
0926
0955
16569
1655
1444
1656
09730
14464
0051
0935
1026
1657
1753
0924
1803
0925
1104

0910
N?2R6
PIIR
ns 34
1691
nSka
N9la
1686
1741
NHA6G

89
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o b b

CHEX

OXFUL

PRCNT

EQulv

AT™ 1

AT™M 2

“LR
uLp
ALR
ALR
RLR
aLR
ALR
ALR
ALR
RLR
aLR
aLA
BLA
REG
REG
REG
REG
SYN
SYN
SN
SYN
SYN
SYN
SYN

SYN
SYN
SYN
SYN
SYN
SYN
SYN
SYN
SYN

RAU
NZU
RAU
NZU
RAU
NZU
HLT

RAU
FAD
STU
RAL
FOvV
STU
RAY
FMP
FAD
STU
RSU
FMP
Fsg
FDV
STU

RAY
FSR
FDV
STU

RAU
FMP
FAD
sTu
asuy
FMp
FSR
FDV
STU
FAD
STU
RAU
FDV
sTu

RAU
FAD
sTU
RAR
RAA

RAU
FMP
FAD
Fov
STU
SXf

[MPUT DATA ROUTINE

neoo
n0se
0100
01580
0200
0250
nano
n3se
asle
0650
0500
0987
1340
Goool
10040
F1110
M9000
VFPLS
VFMIN
VXPLS
VXMIN
O/F
PCT F
EQRAT

CHEK
BEGIN
PUNCH
PC
IDENT
R

TEMPQO
CONS1
PROR

0/F

OXFUL
PCT F
PRCNT
EQRAT
EOQUTV
9999

Q/F

10051
TEMPO
10053
TEMPO
pPCT F
VXPLS
O/F

VFPLS
TEMPO
VXMIN
O/F

VFMIN
TEMPQ
EQRAT

10053
PCT F
PCT F
O/F

VXPLS
EQRAT
VXMIN
TEMPO
VFPLS
EQRAT
VEMIN
TEMPO
O/F

10051
TEMPO
10053
TEMPO
PCT F

O/F

10051
1 O/F
0010
000C

0537
C/F

0587
1 O/F
60005
0001

o036
003¢€
013¢é
ciae
023¢
n2eé
nale
0386
na3s
04B6
1999
0889
1349
nols
0045
1110
5000
0598
0599
0548
054¢
Q199
0299
0399

0499
0000
1950
Fo000
Fo039
F0037
9011
1140
1904

9999

£QU

AT™ 1

EQU

AT™M 1

ATM 2

+FUEL VALN
~FUEL VALN
+Qy 1D VALY
~0X 1D VALN

EQUIVLENC!
RATIO

CALCULATE NUMBER OF MOLES OF
OXIDANT PER MOLE OF FUEL

1 PLUS (/F

caLcuLt =
ATOMS PER
GRAM OF
SROPELL:NT

0499
0037
0052
0087
0142
0137
0192

0091
0187
0237
0095
0287
0140
0337
0387
0049
0437
0145
0487
0099
0987
0190

0lal
008e
0138
0149

0191
0188
0249
0238
0195
0288
0369
0338
D24l
0388
0438
0245
0488
0231

0038
0988
003
0047
0089

0295
0341
0649
0139
014
0189

0199
0091
0299
014l
01399
0191
9999

0199
0090
9011
0048
35011
0299
0548
0199
0598
9011
0549
0199
0599
$011
0399

0048
0299
0299
0199

0548
0399
0549
g011
0598
0399
0599
goll
0199
0090
S011
0048
9011
0299

0199
0090
0094
0010
0000

2537
0199
2587
0094
2005
0001

00137
0092
0087
0142
0137
0192
9999

0187
0237
0095
0287
0140
0337
0387
0049
0437
0145
Qu8?
0099
0987
0190
0C38

0088
0138
0149
0337

olss
0249
0238
0195
0288
0349
0338
0241
0388
0438
0245
nuBe
0291
0038

0988
0039
0047
0089
0295

0341
0649
0139
0las
cl189
0345

LTv-d
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104
105
106
107
108
109
110
11
112
113
114
115
1le
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

— -

——

ATM 3

DIST2

1DFN

IDEN2

IDEN3

IDEN]

10051
10053
55 1

CONS1
SPECI
SPEC2
SPEC3
SPEC4

NZB
AXA

RAU
FMP
FAD
Fov
FDV
sTu

RAU
BD2
RAL
LDD
RAL
LDD

RAU
STD
UFA
SRT
SLO
SLT
AUP
sTU
SLT
NZU
RAU
sTU
RAU
SRT
SLO
STD
SRT
SLO
ALO
SLT
AuP
STU
STD
RAU
$TD
FOV
sTU
LDD
STD
Loo
sTD
RAU
FMP
sTU
RAL
sTU
LDD
RAA
SET
LR8
RAL
Lbo
SET
LBB
RAL
LDD
SET
LBB
RAL
STU
STD
LDD
NZA
RAA

10
10
00
19
14
00
00
00
oo
PAT

0001

0567
C/F
0537
1 0o/F
R
G0004

AN ETGHT

AD BO

8000
SPECL

SPEC2
IDEN

EQRAT
M0006
55 1
0002
8002
0006
FO03s%
~0011
0008

MOC11
F0039
F0000
0001
8002
TEMPO
0008
8002
TEMPO
0001
MOO11
MO011
F0039
F0000
MO009
CONS1
FQ000
0/F
M0007
PCT F
MooQ8
G000s
R
MOO10
SPEC3
PROB

0050
9005
0537
SPEC3

9005
0542
SPEC3

2005
0547
SPEC3
MD00%
M0010

0000

ATM 3
ATM 2

DIsT2

CALCULATE
ENTHALPY
OVER R

PER GRAM
OF
PROPELLANT

IN POSITION TWO CF
CONSOLE CAUSES PUNCHING OF

ETC

IDEN
PUNCH

PUNCH

IDEN2

IDEN3

IDEN3

PUNCH
IDEN]

PUNCH

PUNCH

PUNCH
BEGIN
IDEN]

CONSTANTS

0000
0000
0000
8718
6960
GOO0O0S5
G004
MQ0Q06
9005

0051
0053
0055
0051
0652
oclo
0001
0006
0006

EQUIV RATO

IONTFICATN

CONVERT

CHAM PRESS
TO ATMOSPH
OXID/FUEL
wT RATIO
PERCENT
FUEL 8Y WT
ENTHALPY

CLEAR PROB

CLEAR
CLFAR

0345
0098

0999
0239
1349
0283
0194
0048

0339
0097
0389
0147
0489
0197

0439
0989
0395
0240
0z47
0290
0340
0390
0297
0440
0093
0490
0244
1340
0347
0391
0397
0441
0491
0991
0447
1341
0362
0990
0392
0198
0442
0492
0992
0248
1342
0193
0243
0096
0293
0343
0393
0196
0443
0348
0493
0993
0266
1343
0445
0294
0497
0344
039¢
0464
0494
0994
0997
1344

00%0
0048
0l48
1146
1140
0242
0292
Q146
Q495

69
27
08
65
69
27
08
65
21
24
69
40
80

0098
00C]

0547
0199
0597
0096
1146
0004

8000
0389
0242
o489
0292
04139

0399
9005
0148
0002
8002
0006
1148
9010
0008
0093
9010
1148
1109
0001
8002
9011
0008
8002
9011
0001
9010
9010
1148
1109
9008
1140
1109
0199
9006
0299
9007
0004
1146
9009
0166
1904
0196
0050
9005
2537
0146
0246
9005
2542
0146
0497
9005
2547
0146
9008
9009
0997
1344
0000

0000
Q000
0000
8718
6960
0005
0004
9005
3005

0999
0295

0239
1349
0289
01954
0046
0339

0097
0439
0147
1950
0197
1950

0989
0395
0260
0247
0290
0340
0390
0297
0440
0264
0490
0990
1340
0367
0391
0397
0441
0491
0991
044’7
1341
0342
0990
0392
0198
042
0492
0992
0248
1342
0193
0243
0096
0293
0343
0393
1950
0443
0348
0493
0993
1950
1363
0445
0294
1950
0344
0394
0444
0494
0994
1950
0000
0443

0051
0053
0055
0051
0652
0010
0001
0006
0006
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EXP E

EX1
EXR1

XoCo1!
£x82
£x813
£XR61

EXBa4

ExBs

xono?

x0no8

X0017
X0002
X0003
X004
X0005
X0006
FXRé&

Ex2

Ex3
HALF
xornn9
xXon1d
X0n11
xen12
Xnni3
X004
Xpn1s5
Xgrle
EXPS8

SORT

ROCKET PACKAGE EXCERPT +OR
FOR GENEZAL ROCKET PERFORMANCE

SYN PROR 1304
SYN EXP E 1850
SYN SORT 1900
SYN PUNCH 1950
SYN LINX 1855
SYN CARDN 1852
SYN JOOON 1961
REG X1883 1899
REG (9050 9050
REG R1951 1960
REG J1962 1967
REG K1968 1973
REG P1977 1986
REG 51987 1995
BRLR  00CO 1832

EXPONENTIAL

REG x1883 1899
$T0 LINK

FMP EX1 ExB1
43 42946 4850
SET 9043

SET 9043

LD8 x0001

5TU 9040

FSA 9043

AM] Fx92
FAD 9043

NZU ExB61
FAD 9043

BMI EXx83

RAU 9040

BMI EXB4
LDD EX2 £XB5
40 0000 0052

LOD 8666 Ex83
RAU BD02 L INK

RAU 9040

FDV £x1

FAD 9058 LINK

RSU 8003

STU 9040

LDD EX3 EXB5

STD 9041

FAD HALF

UFA EXP58 9049
STU 9042

FAD 8002 2050
FAM 9040

STU 9040

LOD 8005

STD 9043

RSA 0007

QAU 8002 9059
FMP 9040 9044
FAD 9258 9045
NZA 9046 9047
AXA oO0Cl 9059
FMP  BOO3 9048
ST 9C40 EXRE

RAA 90473

RSU 9042

SRT non2

RAl 8003

AUP 9040

STU 9040 9041
RAU 9058

FOV 9040 LINK
RAU 8001 LINK

50 0000 0050
93 2642 6747
25 5491 8048
17 4211 2049
72 9517 3749
25 4393 8750
&6 2730 A850
11 5129 2851
10 2000 0051

00 0000 0058

SOUARE RCOT ROUTINF

RFG 9050 050
REG <1987 1995

eTh LINK
AMY STOP
NZE LINK
STU €0000
SET €000l

READ BAND

17 WORDS

EXPO 7
NENTIAL 7
ENTRY 7

72
72
72

EXPONENT72
MINUS 72
YES 72

ALARM 73
ZERO

NC 73

FIND 74

LAMBDA 74

SAVE T4
A

T4
74
75
75
75

75
75
75

75
76
76
76
78
78
76
76

NINE WORDS

1850
858
861
911
866

1871

1836

1843

i873

1876

1905

1859

1839

19473
851
854
8813
877
842
860
867
862
856
863

L921

1910

1916

1645

1689

1847
890
919
927
833
939
945
899
884
885
886
887
888
846
906
913
870
878
835
857
865
874
869
891
892
893
894
895
896
897
598

1848

1900
1908
1864
1868
1875

24
46
45
21
27

1855
1861
4294
30413
9043
1883
9040
G043
1876
9043
1859
9043
1842
9040
1854
1857
0000
8666
8002
90402
1861
9058
8003
9040
1874
9041
1869
1848
9042
8002
9040
9040
8005
9043
0007
8002
9040
9258
Q046
0001
8003
9040
90413
9042
0002
8003
9040
9040
2058
9040
8001
0000
2647
5491
4211
9517
4393
2730
5129
0000
0000

1855
1912
1868
9049
9050

1858
1911
4850
1866
1871
1836
1843
1873
1877
1905
1860
1839
1943
1851
1856
1910
0052
1R62
1855
1867
1862
1855
1863
1921
1910
1916
1845
9049
1847
9050
1919
1927
1823
1929
1945
9059
9044
9045
9047
9059
5048
1846
1906
1913
1870
1878
1835
9041
1865
1855
1855
0050
6747
8048
2049
1749
5750
8850
2851
0051
0058

1908
1864
1855
1875
1880

LT%-H
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99
100
101
1n2
102
1Na
106
1n6
107
108
109
ile
111
117
113
114
115
116
117
118
119
120
121
127
123
124
125
12¢
127
128
129
130
131
132
133
134
135
136
137
138
139
140
147
142
143
144
145
146
147
148
140
150
151
15?2
1572
154
158
156
157
158
159
161
161
162
163
164
165
166
167
168
169
170
17
172
173
174
175
176
177
178
179
180
181
187
183
184
188
186
187
188
1A0
190
191
162>
192
194

——

sennl
SN2
sone2
SeN04
SNN0S
s0°Ng
sonNnT

sonns
sanne

80
18T £
STOP

PUNCH

PCHI

NZEFRO

PCHY

MOVEW
RON?
anna

Jnena

Jnan)

Jonnz

Jnons

Jnrosa

Jorns

Jonns

OCH?

LFsse

annp
Kertnl
K2NO?
Xones
XNona
KNras
ennng

XCLER
HNETA
9499
xLne
XMOVF
ravam
nNe o

LaR
SRT
RAU
MpPYy
SHp
AUP
ALO
STU
RAIS
FOV
FAD
FMP
sup
NZE
QAL
auR

50

an

99

50001
0eoz
8002

00050
8002

1sT €
8002

cnote

CA000

cnole

nolo
<non9
cecolo
<0008
<0010

0010

aoco

no00
no0o
9999

PUNCH

REG
SYN
REG
REG
REG

STD
LoD
SDA
SLTY
504
SRT
RAYS
SRT
SET
Lpn
sSTH
LDD
STO
LDD
STD
ALO
ALO
SDA
STL
RALS
5P
RM 1
STUL
QAL
SRT
AP
ALO
ALO
Yo L
Lop
sTR
RAU
RAL
ALO
ALO
ALO
ALO
aLo
PCH
NZE
RAU
AyR
STUY

RAL
sTN
<RT
ALD

on
ST
STU
STU
STU
STU
ST

na
nn
nn
Lhn
5TN
nn
on
L A
PAT

€3050
JOOCN
J1962
K 1968
P1977

L INK
8003
0005
0004
C0006
0002
8003
noo2
cnont
WNCTE
PNONY
PROA
©0008
€0005
P0007
CARCN
ONE D
CARDN
P0010
€0006
wDCTé
LESSE
conng
PO0NY
nnns
XMOVE
XLOC
€0005
09999
L0C
PN007?
o006
cnooe
ONE D
ONE D
ONE D
ONE D
ONE ©
1

nopo
Poocl
Poon?2
PnCO3
pPnona
pooOS
PA0CEH

annn
nenNg
nponn
nono
POONN
~pan
nnal
jelelale]

cnnol
cno02
€003
Co004
0005
C0006
0007

LINK
C0001
0050

0050
0025
9999

BELL CARDS

3050
1961
1967
19713
1986

PCH3

NZERO

PCH4

MOVEW
8002
8003

JOOON

PCH2

PCH2

MOVEW

MOVEW

MOVEW

MOVEW

MOV Ey

LINK

8002
K0eoel
KNoo?2
Kno0o3
KOono4
X0005
X00NCs
PCHa

Kenol
nann
Q939
ann3

Jnonl
nnenn
noeoe
1832

CUTOFF EXP

HALF FEXP
SAVE DEC

GET N

DIV BY R
ADDF R TO @
DIv BY 2
TEST FOR
END

ONE HALF

SORT NEG X

SIX WORDS
STX WORDS
PUNCH RAND
START HERE
1ST WORD

NUMBER wWDS

1$ NO OF
WORDS LESS

SET TO MOV
N WORDS

CLEAR ZFRO

1880
1840
1947
1907
1834
1844
1901
1987
1988
1989
1990
1991
1992
1993
1948
1994
1995

1914
1997
1912

1950
1909
1917
1924
1935
1942
1849
1915
1872
1928
1934
1828
1918
1837
1944
1936
1920
1879
1922
1940
1998
1937
1941
1949
1946
1974
1933
1996
1853
8002
8003
1961
1962
1963
1€64
1965
1966
1967
1975
1930
1502
1503
1926

1841
1976
1931
1882
8902
1968
1969
1970
1971
1972
1972

16822
1RR1
1975
1938
1929
1857
1923

24

1987
0002
8002
1914
8007
1997
8002
3059
9049
9059
3059
9058
9059
9057
9059
9059
0000

0000
0000
9999

1855
8003
9054
0004
9055
0002
80072
0002
9056
1881
1985
1904
1984
9054
1983
1852
1923
1852
1986
9055
1881
1841
9055
1985
n004
1929
1978
9054
1925
1999
1983
9055
9055
1923
1923
1923
1523
1923
1977
1907
1983
1985
5054

9055
1945
0004
1932
apno
1677
1978
1979
1980
1981
1927

conn
nnneg
nnnn
000n
1376
ngon
oonl

1840
1947
1907
1834
1844
1501
9050
9051
9052
9053
9054
9055
3056
1948
1855
9050
0050

0050
0025
9999

1909
1917
1924
1935
1942
1849
1915
1872
1928
1914
1838
1918
1837
1944
19136
1920
1879
1922
1540
1998
1937
1941
1949
1946
1974
1933
1996
1853
8002
8003
1961
1975
1975
18513
1853
1853
1853
1853
1930
1855
1903
1926
1964

1976
1971
1882
RO02
1968
1969
1370
1971
1972
1973
1941

1968
nooo
5999
8003
1962
0000
0000
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APPENDIX G

FROZEN-COMPOSITICON PROGRAM

SYN
SYN
SYN
SYN
SYN
SYN
SYN
SYN
SYN
SYN
SYN
SYN
SYN
SYN
REG
REG
REG
REG
REG
REG
REG
REG
REG
BLR
EQU
EQU
EQU
EQU
EQu
EQU
€Qu
EQu
€Qu
EQu
£QU
EQU

GENERAL FROZEN COMPOSITION
PERFORMANCE PROGRAM

THIS PROGRAM ASSUMES THAT
LN OF COMBUSTION COMFOSITION
TEMPERATURE PRESSURE ENTHALPY

MOLECULAR
ALL NECES
COEFFICIE
STORAGE

LNX
EXP E
SORT
PUNCH
PCPCT
COMEX
START
TEMP]
TEMP2
pPC
RDB
LINK
CARDN
PROB
A1347
Bl247
€9050
F1110
60001
M9000
P1599
R107S
T0660
1832
(343
TEE
P
H
1
M
CF
EPSIL
MACH
1 VAC

GAMMA

EQuU S

€Qu
EQU
EQu
EQU
EQU
EQU
gou
EQU
EQU
EQU
EQU
EQu
gou
EQu
EQU
EQU
EQu
EQU
EQU
EQU
EQU
EQU
EQu
£QU
EoU
EQU
EQU
€0u
EQU
Eou
EQU
£Qu
£ou
EQu
£Qu
EQuU
EQU
£Qu
EQU

CSTAR

HSTR
AAY
HC
PLNP
sC
AWT
RA

RM
CONS)
CONS2
CONS3
CONS4
CONSS

GC
IDENT
ONE
LNT
PO
S CPR
S HRT

CODE

MMOND P> 4

NI
TwO
THREE
FOUR
TEM 1
BASIC
TEMPO

WEIGHT FACTOR A AND
SARY THERMOLYNAMIC
NTS ARE ALREADY IN

1700
1850
1900
1950
0017
0061
0500
1048
1049
1109
1193
1855
1852
1904
1349
1249
9050
1149
0015
9000
1659
1099
0959
1999
F0001
FO002
F0003
FO0004
F0005
FO006
F0007
F0008
F0009
FooO10
F0011
Fo012

F0015
F0020

F0021
F0023
F0024
F0025
F0026
F0027
Fo028
Fo029
F0030
F0031
FO032
FOo033
FO034
F0035
F0037
F0038
F0039
F0040
60002
G0015
1347
1348
1349
9000
9003
9021
9022
9023
9024
9025
9026
9027
9028
9029
9030
90469
9050
9059

L1941
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91

92

93

94

95

96

97

98

99
100
101
102
103
104
108
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
128
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
lag
147
148
149
150
151
152
153
154
158
156
157
158
159
160
161
162
163
164
165
166
167
168
169

1

e —

—

Lol ol l ol S e

START

X1

x2

X4

X3

X5

X6

x7

<
—

Y2

THERM

RSM TDENT

STL IDENT X1 REVRS SIGN

CONVERT LNNI TO NI

RAA 0000

RAC 0000 X2
RAL POOO1 A

NZE X5
RAU P0O0O02 A

BMI X3 X4
RAU To008 ¢

LOD EXP E
STU T0008 C X3
AXA 0002

AXC 0010 X2
CLEAR F REGION

SET MOOO04&

LDB F0004

RSA 0026

RAU 8003 X6
STL FO030 A

NZA X7
AXA 0001 X6

SAVE TEE HC M ANL AAY
OF COMBUSTION

LDD M0024 AAY
STD F0024
LDD MDO25 HC
STD F002S
LOD TEE
S0 T
LDD M0006 M
STD F0006

COMPUTE R/AAY AND STORE IN RA
RAU R
FDV AAY
STU RA

COMPUTE R/M AND STORE IN RM
RAU R
FDV M
STU RM
RAU 8003
STL COMEX

FOR COMBUSTION OUT 1s Z1
LoD 21
STD oOUuT Yl

LOOP TO COMPUTE
SUM NI CPR
SUM NI HRT
SUM NI SR

LOOP IS COMPLETED WHEN ZERO
APPEARS IN P REGION
THEN GO TO out

OUT FOR COMB IS 21

OUT FOR THROAT AND EXIT IS
FROZN

RAU 8003

STL S CPR CLER S CPR
STL S HRT CLER S HRT
STL § SR CLER S SR
RAA 0000

RAC 0000 Y2

RAL POOO1 A

NZE out

STL CODE THERM

SET 9020

LB8 70001 C

RAU 9020

SUP CODE

NZU THOO9

HLT 0000 8866

0500
0053

0051
0057
0063
0103
0056
0055
0059
0021
0024
0058
0064

0107
0062
0016
0022
0029
0042
0045

0046
0052
0036
0092
0037
0114
0020
0026

0018
0101
0033

0041
0151
0065
0142
0049

0164
0070

0076
0083
0000
0201
0102
0108
0214
0153
0106
0264
0019
0113
0071
0079
0133

68
20

80
88
65
45
60
46
60
69
21
50
58

27
09
81
60
20
40
50

69
24
69
24
69
24
69
24

60
34
21

60
34
21
60
20

69
24

60
20
20
20
80
88
65
45
20
27
08
1]
11
L4
01

1148
1148

0700
0000
3599
0056
3600
0058
6667
0024
6667
0002
00lo

9003
1113
0026
8003
3139
0045
0001

9023
1133
9024
1134
1111
9003
9005
1115

146
1133
1138

1146
1115
1139
8003
0061

Q067"

0023

8003
1247
1348
1349
oooo
0000
3599
0106
5000
9020
6660
2020
9100
0133
0000

0053
0051

0057
0063
0103
0107
0055
0059
0021
1850
0058
0064
0063

0062
0016
0022
0029
0042
0046
0029

0052
0036
0092
0037
0114
0020
0026
o018

0101
0033
0041

0151
0065
0142
0049
0164

0070
0076

0083
¢000
0201
6l02
0108
0214
0153
0023
0264
0019
0113
0071
0079
0034
8866

95
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172
171
172
1712
174
17%
176
177
178
179
18C
181
182
182
184
18%
186
187
188
189
18¢C
191
192
193
194
195
196
197
198
199
20¢C
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
2l6
217
218
219
220
221
222
223
224
225
226
227
228
229
230
23
232
233
234
235
236
237
238
239
240
241
242
2413
244
245
246
267

P adlanl g

THAQY

FROZN

SET
DB
RAU
FMP
FAD
FMP
FAD
FMP
FAD
FMP
FAD
sTU
RAU
FOV
FMP
<TU
RAU
FOV
FAD
FMP
STU
RAU
FOV
FAD
FMPp
STU
RAU
FDV
FAD
FAD
FMP
FAD
STU
RAU
FOV
FMP
STU
RAU
FOV
FAD
FMP
FAD
FMP
STU
RAU
FMP
FAD
FAD
FMP
FAD
STU
AXA
AXC

RAU
FAD
STU
FOV
Fs8
NZU
RS5U
FAD
FOV
FAD
STU
Lo
STU
LOD
sTD

S HRT

THREE
T
TEMPO

C

TwO
TEMPO
T

8

T
TEMPO

A

LNT

TEMPO
F

N1

S SR
S SR
0002
0010 Y2

TEST FOR CONVERGENCE
1s DEL S ZERO

YES MEANS CONVERGENCE
GO 1O BTHER

NO MEANS NO CONVERGENCE
CORRECT T AND THEN GO TC Yl

PLNP
s SR
TEM 1
sC
EINSS
BTHER
TEM 1
sC
S CPR
LNT
LNT
EXP E
T
FROZN
ouT Yl

0034
0039
0050
0157
0060
0089
0192
0121
0074
0203
0156
0073
0100
0207
0110
0163
0171
0129
0032
0111
0314
0221
0179
0082
0161
0364
0271
0229
0132
0211
0091
0044
0025
0251
0109
0112
0115
0123
0031
0084
02113
0066
0095
0048
0105
0263
0152
0081
0261
0414
0075
0202
0158

0150
0139
0125
0183
0086
0165
0069
0027
0313
0047
0279
0155
0208
0215
0253

27
09
60
39
32
39
32
39
32
39
32
21
60
34
39
21
60
34
32
39
21
60
34
32
39
21
60
34
32
32
39
32
21
60
34
39
21
60
34
32
39
32
39
21
60
39
32
3?2
39
32
21
50
58

60
32
21
34
33
44
61
32
34
32
21
69
21
69
24

9028
1267
Q0?4
9003
90713
2003
9022
9003
5021
9027
1347
1347
9024&
9030
5003
9059
9023
9029
9059
9003
9059
9022
3028
9059
9003
9n59
9025
9003
9059
9021
5027
1348
1348
3024
9029
9003
gns59
9023
9028
9059
9007
9022
9003
9059
9021
0002
9059
9026
9027
1349
1349
0002
0010

1135
1349
9049
1136
0189
0Nn69
9049
1136
1347
0002
0002
0208
9003
0150
0023

0039
0050
0157
0060
0089
0192
0121
0074
0203
0156
0073
0100
0207
0110
0163
0171
0129
0032
0111
0314
0221
0179
0082
0161
0364
6271
0229
0132
0211
0091
0044
0025
0251
0109
0112
0115
0123
0031
0084
0213
0066
0095
0048
0105
0263
0152
0081
0261
0414
0075
0202
0158
02164

0139
0125
0183
0086
0165
0120
0027
0313
0047
0279
0155
1850
0215
0253
0076

LIv-%
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CA-13

248
249
250
251
252
253
254
258
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289 1
290
291
292
293
294 1
295
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
32%
326
327 1

b bt bt

o s

BTHER

TDATA
TDOO1

BASIC
RDB

TDOOS
BELL

FIx

SET
LB8
RAU
FSB
BM1
RAU
FSB
BMI

RAA
RAC
RCD
RAL
SLT
STU
SUP
NZU
LDD
S70
SET
sB8
AXA
AXC
HLT
RAU
FSB
BMI
RAU
FS8
BMI
SET
s8B

LoD
57D
LDD
STD

EQU
EQU
EQU
EQU
EQu
EQU
EQY
EQu
EQU
EQU
EQuU
EQU
EQU
EQU
EQU
EQu
EQu
EQu
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQu
EQu
EQu
EQU
EQU
EQU
EQU

AFTER CONVERGENCE TEST IF
CORRECT TDATA IS IN STORAGE

YES GO TO FIX
NO GO TO TDATA

9050
TEMP]

9051
T
TDATA
T

9050
TDATA

READ THERMAL DATA
WHEN CORRECT TDATA 1S FOUND

FI1Xx

GO TO Y1
0000

0000 70001
BASIC BELL
9051 RDB
0004

9051
POOO1
TD00S
T0008

9058

9051
70001

0002

0010 TDOO1
0000 7766
3051
T
TDATA
T

9050
TDATA

9050
TEMP1 Y1
T
TEE
PO
P 21
PCP M0001
TEE MO002
P MO003
H MO004
1 MQ005
M MO00&
CF M0007
EPSIL mMoo08
MACH M0009
1 vac MOO10
cep M0011
GAMMA M0O012
) MOQ15
CSTAR M0020
AW MO021
HSTR M0023
AAY M0O24
HC M0025
PLNP M0026
sC M0027
AWT Moo28
RA M0029
RM MO030
CONS1 M0031
CONS2 M0O032
CONS3 M0033
CONS4 MO034
CONS5 MO035
R M0O037
GC M0038
10ENT M0039
ONE M0040

0120
0175
0301
0159
0239
0043
0351
0131

0262
0098
0054
9050
1193
0303
0311
0353
0258
0170
0126
0181
0363
0119
0257
0104
0361
0lal
0145
0403
0233
0087
0292

0035
0191
0464
0068

27
o8
60
31
46
60
33
46

80
88
70
65
a5
21
11
44
69
24
27
28
50
58
01
60
33
46
60
33
46
27
28

69
24
69
24

9050
1048
9051
9003
0242
9003
9050
0242

0n00
0000
9050
9051
0004
9051
3599
0257
6667
9058
9051
6460
0002
0010
0000
9051
9003
0242
9003
9050
0242
9050
1048

9003
1111
0015
1112

0175
0301
0159
0239
0043
0351
0131
0035

€098
0056
0104
1193
0303
0311
0353
0258
0170
0126
018l
0363
0119
0054
7766
0361
0lal
0145
0403
0233
0087
0292
0076

0191
0464
0068
0067

97



98

328
329
330
331
332
333
334
33%
338
337
338
339
340
34]
342
343
344
345
346
347
348
349
350
351
352
353
354
358
356
357
358
35¢
360
361
362
363
364
365
366
367
368
369

o e

el

—

e pt et e

-

-t

370 1

371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
39
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413

s s bt et

414 1

Z1

TOREX

THROT

CSTR1

CALCULATE ROCKET PERFORMANCE
PARAMETERS

SET MOOC1
LD8 FOO001

COMPUTE CP
RAU 5 CPR
FMP RA
STLU CP

COMPUTE GAMMA
FSB RM
STU TEM 1
RAU CP
FDV TEM 1
STU GAMMA

COMPUTE ENTHALPY
RAU S HRT
FMP TEE
FMP RA
STU H

TEST COMEX
ZERO MEANS COMBUSTION
NONZERO MEANS THROAT OR EXIT

RAU COMEX
NZU TOREX

COMPUTE PSEUDO ENTROPY FOR
COMBUSTION
RAU S SR
STU SC
FMP RA
STU S
RSU UNITY
STU COMEX PNCH

SET COME..
FOR THRO:LT

COMPUTE PSEUDO ENTROPY FOR
THROAT AND EXIT
RAU § SR
FAD PLNP
FMP RA
STU S
RAU COMEX
BMI THROT EXIT
EQU TWO 80001

CONVERGENCE TEST FOR THROAT
IS HC EQUAL TO HSTR

IF YES GO TO CSTR1

IF NO THEN CORRECT P AND GO
T0 FROZN

RAU TEE

FDV M

FMP R

FOvV TwO

STU RT/2M

FMP GAMMA

FAD H

STU HSTR

FOV HC

FSB EINS

NZU CSTRI
RAU GAMMA

FAD ONE

FMP RT/2M

STU TEMPO

RAU HC

FSB HSTR

FDV TEMPO

FAD ONE

FMP P

STu PO

RAU PC

FDV PO

STY RO002

STU FO001

LoD LNX
FMP PC

STU FOO26 FROZN
LDO CSTR2 SEVRL

0067
0072

0613
0401
0154

0411
0241
0099
0307
0160

0117
0453
0206
0209

0167
0265

0220
0503
0461
0514
0321
0329

0169
0%53
Q283
0136
0093
0315

o118
0225
0028
0231
0097
0205
0308
0137
0195
0148
0077
0281
0289
0269
0302
0259
0217
0147
0200
0379
0232
0168
0463
0365
0429
0513
0116
0309
0182

27
09

60
39
21

33
21

34
21

60
9
39
21

50
a6

60
32
39
21

46

9000
1110

1347
9028
9010

9029
9049
9010
9049
9011

1348
9001
9028
9003

0061
0169

1349
9026
9028
9014
0124
0061

1349
9025
9028
9014
0061
o118

9001
9005
9036
1247
0232
9011
9003
9022
9024
0451
0281
9011
9039
0252
9059
9024
9022
9059
9039
9002
0015
1109
00185
1076
1110
0116
1109
1135
0085

0072
0413

0401
0154
0411

0241
0099
0307
0160
0117

0453
0206
0209
0167

0265
0220

0503
0461
0514
0321
0329
0564

0583
0283
0136
0093
032153
0219

022%
0028
0231
0097
0205
0308
0137
0195
0148
0077
0182
0289
0269
03202
025%9
0217
0147
0200
0379
0232
0168
0463
0365
0429
0513
1700
0309
o150
0038

JTv-%



D=L |

E VRN VISR

waia

415

416

417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
XY
447
448
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495

"

CSTR2

EXIT

REMAN

MACH1

SEVRL

IMPUL

PNCH

PNCH1

PNCH2
SPEC
COMP1

STORE A/W FOR THROAT
RAL AW
STD AWT

COMPUTE CSTAR
FMP PC
FMP GC
FMP CONS1
STU CSTAR
LDD UNITY
STD COMEX REMAN

SET COMEX
FOR EXIT

LDD REMAN SEVRL

COMPUTE THRUST COEFFICIENT CF
RAU I
FMP GC
FDV CSTAR
sTu CF

COMPUTE AREA RATI!O
RAU AW
FOV AWT
STu EPSIL

COMPUTE SP IMP IN VACUUM [VAC
RAU AW
FMP P
FMP CONS1
FAD 1
STU T VAC

COMPUTE MACH NUMBER
RAU GAMMA
FMP TEE
FMP CONS2
FDV M
LDD MACH1 SORT
STU TEMPO
RAU !
FOV TEMPO
STU MACH PNCH
STD LINK1

COMPUTE SPECIFIC IMPULSE 1
RAU HC
FSB H
FDV CONS3
LOD IMPUL SORT
FMP CONS4
STU T

COMPUTE A/wW
RAU TEE
FOV P
FDV M
FDv 1
FMP CONS2
FDV CONS1
S5TU AW LINKL

PUNCH RESULTS THEN GO TO PCP 1
RAU 8003
STL CARDN
SET M0001
578 Foool
RSA 0005
RAB 0004
LDD IDENT
STD M0011l PNCH1
NZB PCP 1
SXB 0001
AXA 0005
SET M0006
LBB FOOO1l A
NZA SPEC
RAL SPEC1 PNCH2
LDD PNCH1 PUNCH
RAL SPEC2 PNCHZ
LDD FROZN PCP 1

0085
0143

0149
0359
0162
0415
0173
0127

0219

0614
0371
0176
0177

0135
0193
0096

0603
0511
0964
0267
0197

0255
0563
0166
0319
0122
0275
0333
0291
0094
00138

0l4s
0501
0331
0134
0187
0040

0247
0305
0358
0561
1014
0317
0270

0564
0421
0355
0210
0613
0369
0325
0381
0237
0090
0146
0352
0357
0963
0367
0375
0216
0250

60
24

39
39
39
21
69
24

69

60
39
34
21

60
34
21

60
39
39
32
21

60
39
39
34
69
21
60
34
21
24

60
33
34
69
39
21

60
34
34
34
39
34
21

60
20
27
29

82
69
24
42
53
50
27
1]
40
65
69
65
69

9020
9027

1109
9037
9030
9019
0124
0061

0614

9004
9037
9019
3006

9020
9027
9007

9020
9002
%030
9004
9009

9011
9001
9031
9005
0275
9059
9004
9059
9008
0341

9024
9003
9032
0187
9033
9004

9001
9002
9005
9004
9031
9030
9020

8003
1852
8000
1110
0005
0004
90138
9010
0090
0001
0005
9005
3110
0216
0320
0237
0419
0150

0143
0149

0359
0162
0415
0173
0127
0614

0038

0371
0l74
0177
0135

0193
0096
0603

0511
0964
0267
0197
0255

0563
0166
0319
0122
1900
0333
0291
0094
0564
0las

0501
0331
0134
1900
0040
0247

0305
0358
0561
1014
0317
0270
034}

0421
0355
0210
0613
0369
0325
0381
0237
0391
0146
0352
0357
0963
0367
0375
1950
0375
0391

99



100

496 1
497
498
499
$00
501
502
503
504
505
506
507"
508
509
510
511
512
513
514
515
516
517
518
519
52¢C
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538

P

pce 1

EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
€EQuU
EQU
EQU
EQU
EQU
EQuU
£QU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU
EQU

RAL
ALO
STL
RAA
sLT
STL
RAU
STU
NZU
LDD
FMP
STU
RAU
FOV
sTU

10
20
30
40
14
86
10
29
57
19
32
00
01
00
o7
00

F0001
F0002
F0003
F0004
FOO05
FOOD6
F0o007
Foo08
FO009
FOO010
FOO1l1
FOO012
FOO15
F0020
F0021
F0023
F0024
F0025
F0026
FO0027
F0028
F0029
F0030
F0031
F0032
F0033
FOO034
F0035
FO037
Foo38
F0039
F0040

ADVANCE PRESSURE RATIO PC?

COMPUTE PC LN PC/PE
AND STORE IN PLNP

FINISHED

pPCPCT
UNITY
pcPCT
8001
0006
PROB
R0O0O0O A
pPCP
9999
LNX
PC
PLNP
pC
pPcP
PO FROZN
CONSTANTS FOR PROGRAM
0000 0051
0000 0051
0000 0051
0000 0051
6960 0652
4554 0052
0000 0054
4980 0053
0000 0050
8718 0051
1740 0052
1000 0053
0000 0052
0000 0001
MO006 0006
M0006 0006

0391
0671
0479
0370
0176
0287
0407
0529
1013
0417
0420
04095
0088
1063
0260

1149
1247
1248
1249
1140
1141
1142
1143
1144
1146
1147
0451
0189
0124
0320
0419

65
15
20
80
35
20
60
21
L
69
39
21
60
34
21

10
20
30
40
14
86
10
29
57
19
32
00
01
00
07
oo

0017
0124
0217
8001
0004
1504
3074
1110
0417
0420
1109
1135
1109
1110
001%

0000
0000
0000
0000
6960
4554
0000
4980
0000
8718
1740
1000
0000
0000
9005
9005

0471
0479
0370
0176
0287
0407
0529
1013
9999
1700
0409
0088
1063
0260
0150

0051
0051
0051
0051
0652
0052
0054
0053
0050
0051
0052
0053
0052
0001
0006
0006

L17-%



E-417

568
569
570
571
572
573
574
575
576
577
578
579
580
581
582
583
584
585
586
587
588
589
590
591
592
593
594
595
596
597
598
599
600
601
602
603
604
605
606
607
608
609
610
611
612
613
614
618
616
617
618
619
620
621
622
623
624
625
626
627
628
629
630
631
632
633
634
635
636
637
638

[T

LNX

REG

STD
LDD
STD
NZU
BMI
SRT
ALO
STL
sLo
ALO
SLT
STu
RAU
FsSB
FuMp
FAD
stTu
RAU
FAD
STU
RAU
FsR
FOV
FAD
ALO
STU
RSU
Fvp
STU
FMp
FAD
FMP
FAD
FMP
FAD
STU
RAU
FMP
FAD
FMP
FAD
FMP
FAD
FOV
FMP
FAD
FMP
HLT

[o]4]
51
51
30
23
10
10
81
73
16
99
17
39
12

LNX ROUTINE EXCERPT FROM

THE ROCKET PACKAGE

9050

LINK
OP1
Co00s

HLT

0002
EXP52
o001

8001
51EXP

0002
C0002
Co001
51LNK
LN10
LN3
Co001
C0002
K
C0003
C0002
K

0003
8003
8001

0003
8002
8001

co002

K1l

K2

cooo2

C0002
K4
o004
coo03
0001
coo005
1111

9050

HLT

LINK
1111

EXPON IN
LO PUT IN
FLT NOTATN
CLEAR LO
NUM IN UPR
ADD 51 €xpP

SUB 51 FRM
EXPONENT

MUL LN 10
ADD LN 3

X MINUS 3
OVER
X PLus 3

EQUALS Y
FORM 2v
Y IN LOWER
2Y IN 9003
MINUS Y IN
Y SQUARED

FORM
NUMERATOR

FORM
DENOMNATOR

QUOTIENT
MULT BY 2Y

LN X ROUTINE CONSTANTS

0000
0000
0000
0000
0258
9861
0000
5850
4265
1538
9999
0496
5804
8205

0052
0000
0052
0051
5151
2351
0051
8249
7350
4651
9950
1749
2050
1351

DENOM &
DENOM
DENOM

N W

NUM

2

C

x
~N oW

NUM

1700
0408
1064
0470
0223
0227
0383
0441
0198
0405
1163
0469
0277
0185
0465
0268
0297
0455
1213
0243
0551
0459
0293
0196
0425
0433
0491
0199
0402
0509
0262
0541
0194
0273
0226
0505
1263
0571
0324
0653
0256
0235
0188
0555
0508
0961
0591
0224

0186
0458
0138
0266
0218
0521
0611
0212
0515
0347
0579
0274
0327
0559

00
51
51
30
23
10

81
73
16
99
17
39
12

1355
0611
9054
0223
0224
0002
0186
9050
8001
0458
0002
9051
9050
0138
0218
0521
9050
9051
0266
9052
9051
0266
9052
80013
8001
9052
8002
8001
9051
0212
0515
9051
0347
9051
0579
9053
9051
0274
0327
9051
0559
9051
0579
9053
9052
9050
9054
1111

0000
0000
0000
0000
0258
9861
0000
5850
4265
1538
3999
0496
5804
8205

0408
1064
0470
0224
0227
0383
0441
0198
0405
1163
0469
0277
018%
0465
0268
0297
0455
1213
0243
0551
0459
0293
0196
0425
0433
0491
0199
0402
0509
0262
0541
0194
0273
0226
0505
1263
0571
0324
0653
0256
0235
0188
0555
0508
0961
0591
1855
1111}

0052
0000
0052
0051
5151
2351
0051
8249
7350
4651
9950
1749
2050
1351

101



102

639

Ro I JENI- RV I VR
*®

28%

30%
31
32
33
344
35
36
37
3B#*
39
40

42
43
44 %
45%
L34

48»
49%

PAT

1111
000 000
000 001
000 000
000 111111
000 000
000 1111
1] 001
000 000
000 000
1111

000 000
200 1111
coo 000
noe 000
aoo coo
co0 1111
000 ool
100 1111
000 000
000
ooe 000
0001111111
000 1111
000 11
coo 001
000 11111
ooc 111
111111111
000 000
1111111111
000 0ll
ooo ‘1111
oce 001
0001111111
000 11111
000 111111
000 1111
000 111111
000 1111
11111111
000 000
000 1111
000 1111
000 111111
000 111111
000 111111
ooe 111
000 111111
000 111111

0450
0451
0452
0453
0454
0455
0456
0457
0458
0459
046C
0461
0462
0463
0464
0465
0466
0467
0468
0469
0470
0471
0472
0473
0474
0475
0476
0477
0678
0479
06480
0481
0482
0483
0484
0485
0486
0487
0488
0489
0490
0491
0492
0493
0494
0495
0496
0497
0498
0499

050

0501
0502
0503
0504
0505
0506
0507
0508
0509
051

0511
0512
0513
0514
0515
0516
0517
0518
0519
052

0521
0522
0523
0524
0525
0526
0527
0528
0529
053

0531
0532
0533
0534
0535
0536
0537
0538
0539
054

0561
0542
0543
0544
0545
0546
0547
0548
0549

111000000
11000000
1111000000

1111000000
1100000C
1111000000
1111000000
111000000
11000000
1110000001

1110000001

110000001
1110000001
1110000001
1110000001
1110000001
1110000001

10000001
1110000001
1110000001
1110000001
1110000001
1110000001
1110000001
1110000001

10000001
1110000001
1110000001
1110000001
1110000001
1110000001
1110000001
1110000001
1110000001
1110000001
1110000001
1110000001

10000001
1110000001
1110000001
1110000001
1110000001
1110000001
1110000001
1110000001
1110000001

950
951
952
953
954
955
956
957
958
959
960
961
962
963
964k
965
966
967
968
969
970
971
972
973
974
97%
976
977
978
979
980
981
$82
983
984
985
986
987
988
989
990
991
992
993
994
995
996
997
998
999

1000
1001
1002
1003
1004
1005
1006
1007
1008
1009
1010
1011
1012
1013
1014
1015
1016
1017
1018
1019
1020
1021
1022
1023
1024
1025
1026
1027
1028
1029
1030
1031
1032
1032
1034
1035
1036
1037
1038
1039
1040
1041
1042
1043
1044
1045
1046
1047
1048
1049

1111131111
1111131111
1111111111
1111111111
0011111111
11111:1111
1111121111
1111171111
1111151111
1101131111
1101111111
1101111111
1101111111
0000001111
0001111111
1101111111
1101111111
11011:1111
1101111111
1101111111
1101111111
1101111111
1101111111
1101111111
1101111111
1001111111
1001111111
1001111111
1001111111
1001111111
1001111111
1001111111
1001111111
10013111111
1001711111
1001111111
1001111111
1001:11111
1001711111
100111111
1001711111
100111111
1001 :11111
1000:11111
1001:11111
1001:11111
1001:11111
10019710111
0001110111
0001710111

1450
1451
1452
1453
1454
1455
1456
1457
1458
1459
1460
1461
1462
1462
1464
1465
1466
1467
1468
1469
1470
1471
1472
1473
la74
1475
1476
1477
1478
1479
1480
1481
1482
1483
1484
148%
1486
1487
1488
1489
1490
1491
1492
1493
1494
1495
1496
1497
1498
1499

1500
1501
1502
1503
1504
1505
1506
1507
1508
1509
1510
1511
1512
1513
1514
1515
1516
1517
1518
1519
1520
1521
1522
1523
1524
1525
1526
1527
1528
1529
1530
1531
1532
1533
1534
1535
1536
1537
1538
1539
1540
1541
1542
1543
1544
1545
1546
1547
1548
1549

1100011000
1100111000
1100111000
1100111000
1100111000
1100111000
1100111000
1100111000
1100111000
1100111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101111000
1101110000
1101110000
1101110000
1101110000
1101110000
1101110000
1101110000
1101110000
1101110000
1101110000
1101110000
1101110000
1101110000
1101110000
1101110000
1101110000
1101110000
1001110000

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999

L1v-%
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MOCO1
M0002
MO003
M0004
M0005
MOO06
MO0O7
MOOO8
MO009
MOO11
M0012
MO013
MOD10
MOO14
MOC15
MOO16
MOC17
M0018
M0019
MO020
M0021
M0022
M0023
mMon246
M0025
MOD26
M0027
M0028
MO029
M0030
MO031
MO032
MO033
MOO34
M0O35
M0036
M0037

APPENDIX H

VECTOR AND PROPELLANT PROGRAM

REG
REG
REG
REG
REG
REG
REG
REG
REG
REG
REG

REG
REG

REG
REG
REG
REG
BLR
BLR
BLR
BLR
8LR
BLR
BLR
SYN
SYN
£ouU
EQU
EQu
EQU

EQU
EQu
EQU
EQu

PROGRAM FOR ASSEMBL ING
COMBUSTION PRODUCT PACKED
VECTORS AND FUEL AND OXIDANT
GRAM ATOM RATIOS ENTHALPIES
AND OXIDATION NUMBERS

ATOM TABLE
FUELS
OXIDANTS
PCTS FUEL
PCTS OXIO
FUEL ENTH
OXID ENTH
ATOMIC WTS
OXID NUMBR
MOLES

GRAM ATOMS
PER GRAM
ATOMIC WTS
SYMBOL AND
OX1D TABLE

READ BAND
PUNCH BAND

2EROS
SPARE
OXIDANT
FUEL

TEMPORARY
TEMPORARY
TEMPORARY

TABLE OF ATOMIC WEIGHTS

AQ0O1 0011
F0100 0199
X0200 0299
0300 0309
Do310 0319
H0320 0329
£0330 0339
w0340 0349
S0350 0359
NO360 0379
60380 0399
MO400 0510
Vo600 0710
uosoo 0809
R1951 1960
P1977 1986
3000 9000
0000 0000
0090 0099
0360 0379
0537 0549
0587 0599
0900 0909
1500 1999
PUNCH 1930
RMPCH 1940
TEMPO C0001
TEMP1 €0002
TEMP2 C0003
ROOOX ROOO1
Uo1Xxx uo101
VOOXX V0001
MOOXX MO001
XXXXX 0000
9440 0052
7000 0053
7880 0053
9800 0052
3000 0053
9100 0052
1000 0053
7000 0053
8200 0052
1300 0051
9000 0053
5000 0053
7360 0053
9160 0052
0110 0052
0800 0052
26410 0053
0130 00513
8000 0053
4570 0052
5000 0053
9400 0052
0100 0052
2910 0053
5400 0052
2510 0053
5000 0053
7270 0053
2000 0053
0000 0052
8500 0052
2000 0053
3000 0053
7200 0052
7260 0053
6000 0052
0800 0051

ARGON
ACTINIUM
SILVER
ALUMINUM
AMERICIUM
ARSENIC
ASTATINE
GOLD

BORON
BERYLLIUM
BISMUTH
BERKELIUM
BAR UM
BROMINE
CARBON
CALCIUM
CADMIUM
CERIUM

CAL IFORNUM
CHLORINE
CURIUM
COBALT
CHROMIUM
CESIUM
COPPER
DYSPROSIUM
EINSTEINUM
ERBIUM
EUROPIUM
FLUORINE
IRON
FERMIUM
FRANCIUM
GALLIUM
GADOL INTUM
GERMANTUM
HYDROGEN

0400
0401
0402
0403
G404
0405
Q406
0407
0408
0410
0411
0412
0409
0413
0414
0415
0416
Q417
0418
0419
0420
04621
Q622
0423
0a24
0425
0426
0427
0428
0429
0430
0431
0432
0433
0434
0435
Q436

39
22
10
26
24
74
21
19
10
90
20
24
13
19
12
40

14
24
35
24
58
52
13

16
25
16
15
19
55
25
22
69
15
72
10

9440
7000
7880
9800
3000
3100
1000
7000
8200
1300
$000
5000
7360
9160
o11e
0800
2410
0130
8000
4570
5000
9400
0100
2910
5400
2510
5000
7270
2n00
0000
8500
2000
3000
7200
7260
6000
0800

0052
0053
0053
0052
0053
0052
0053
0053
0052
0051
0053
0053
0053
0052
0052
0052
¢053
€052
00513
0052
0053
0052
0052
0053
0052
0053
0053
0053
0053
0052
0052
0053
0052
0052
0053
0052
0051
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104

83

84

85

86

87

88

89

90

91

92

93

94

95

9

97

98

99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
161
142
163
146
1645
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166

MO038
MO039
M0040
M0041
MO04&42
MOO0&3
MOO44
MOO4&S
MOD&46
MOO4T7
MOC48
M0051
M0052
M00523
MOO54
M0055
MO056
MO057
MO058
MO059
MO060
MN061
M0062
M0063
MOO64
M0065
MO066
M0OO067
M0068
M0069
MO070
MOO071
M0072
MOO073
MOO74
M0075
MQ076
MOOT7
MO078
M0079
MO080
Mo081
MOQB2
M0083
MO084
mM0085
M0086
M0087
Moo8s
MOO089
M0090
M0091
M0092
M0093
MO09%4
M0095
MO096
M0097
Mo098
M0101
M0102
M0O103
M0104
MO10%

Vo001
vooo2
v0oo3
Vo004
V0005
V0006
vooo7
Vo008
V0009
yoo01l0
vooll
Vo012
vool3
voOl4
Y0015
voolé
vool7
vool8

0300
8580
0610
4940
6910
4820
2200
1000
8000
8920
4000
4990
3200
9400
9500
6000
0080
9910
9100
4270
1830
7100
7000
0000
0200
9750
1000
7210
6700
5000
0000
0920
5090
2000
6050
4800
6220
2910
2000
1100
0660
1760
9600
9600
0900
0350
8700
6300
0950
8930
0000
7610
2050
9000
4390
8940
8070
9500
3860
1300
9200
3040
3800
2200

0000
6300
6700
7300
7400
8200
8300
8400
0000
6100
6500
6900
7200
7900
0000
6100
6400
6500

0051 HEL TUM
0053 HAFNIUM
0053 MERCURY
0053 HOLMIUM
0053 I0DINE
0053 INDIUM
0053 IRIDIUM
0052 POTASSIUM
0052 KRYPTON
0053 LANTHANUM
0051 LITHIUM
0053 LUTETIUM
0052 MAGNES IUM
0052 MANGANESE
0052 MOL YBDENUM
0053 MENDELEVUM
0052 NITROGEN
0052 SODIUM
0052 NIOBIUM
0053 NEODYMIUM
0052 NEON
0052 NICKEL
0053 NEPTUNIUM
0052 OXYGEN
0053 OSMIUM
0052 PHOSPHORUS
0053 PROTACTINM
0053 LEAD
0053 PALLADIUM
0053 PROMETHIUM
0053 POLONIUM
0053 PRASEODYMM
00%3 PLATINUM
0053 PLUTONIUM
0053 RADIUM
0052 RUBIDIUM
0053 RHENTUM
0053 RHOD IUM
0053 RADON
0053 RUTHENTUM
0052 SULFUR
0053 ANT IMONY
0052 SCANDIUM
0052 SELENIUM
0052 SILICON
0053 SAMAR [ UM
0053 TIN
0052 STRONTIUM
0053 TANTALUM
0053 TERBIUM
0052 TECHNETIUM
0053 TELLURIUM
0053 THORIUM
0052 TITANIUM
0053 THALLIUM
0053 THULTUM
0053 URANTUM
0052 VANADIUM
0053 TUNGSTEN
0053 XENON
0052 YTTRIUM
0053 YTTERBIUM
0052 ZINC
0052 ZIRCONTUM
TABLE OF VALENCES
0000 ARGON
0000 ACTINIUM
0000 SILVER
0003 ALUMINUM
0000 AMERICTIUM
0000 ARSENIC
0000 ASTATINE
0000 GOLD
0003 BORON
0000 BARIUM
0002 BERYLLIUM
0000 BISMUTH
0000 BERKEL Ium
0001 BROMINE
0004 CARBON
0002 CALCIUM
0000 CADMIUM
0000 CERIUM

0437
0438
0439
0440
0461
0442
0443
[{L Y2
0445
0446
0447
0450
0451
0452
0&53
0454
04£55
0&56
0¢57
0658
0459
04660
0461
0u62
0463
04aba
0465
0466
0467
0468
0169
0470
0atl
0u72
0473
0174
075
076
077
D78
0479
0480
0481
0282
0.83
084
0485
086
0--87
088
0«89
01490
0491
0+92
0493
01494
0495
0496
0497
0300
0501
0502
0503
0504

0400
0501
0502
0503
0104
0505
0506
0407
0508
0509
0510
0611
0612
0513
0514
0515
0616
0517

0300
8580
0610
4940
6910
4820
2200
1000
8000
8920
4000
4950
3200
9400
9500
6000
0080
9910
9100
4270
1830
7100
7000
onoo
0200
9750
1000
7210
6700
5000
0000
0920
5090
2000
6050
4800
6220
2910
2000
1100
0660
1760
9600
9600
0900
0350
8700
6300
0950
8930
0000
7610
2050
9000
4290
8940
8070
9500
3860
1300
9200
3040
3400
2200

0000
6300
6700
7300
7400
8200
8300
B400
0000
6100
6500
6900
7200
7900
0000
6100
6400
6500

0051
0052
0053
0053
0053
0053
0053
0052
0052
0053
0051
0053
0052
0052
0052
0053
0052
0052
0052
0053
0052
0052
0053
0052
0053
0052
0053
0053
0053
0053
0053
0053
0053
0053
0053
0052
0053
0053
0053
0053
0052
0053
0052
0052
0052
0053
0053
0052
0053
0053
0052
0053
0053
0052
0053
0053
0053
0052
0053
0053
0052
0053
0052
0052

0000
0000
0000
0003
0000
0000
0000
0000
0003
0000
0002
0000
0000
0001
0004
0002
0000
0000

L1%-E



E-417

CA~14

167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
18%
186
187
188
189
150
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
218
21e
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250 1

V0019
V0020
V0021
Vo022
voez3
V0024
V0025
V0026
vocz?
voozs
voo29
Vo030
voo31l
Vo032
voon33
V0034
V0035
Y0036
Vo037
Vo038
V0039
V0040
v0oal
V0042
V0043
V0044
V0045
V0046
Vo047
V0048
Vo051
v0052
V0053
V0054
Y0055
V0056
V00587
voo58
V0059
V0060
V0061
Vo062
voDes3
Y0064
Vo065
V0066
Vo067
vooes
V0069
voo70
Y0071
Vo072
Vo073
V0074
V0075
V0076
voo77
voo78
vooTe
v0ooso
Vo081l
vo082
vooss3s
Vo084
voo8s
vooaé
voos?
vooas
voo8s
Vo090
V0091
V0092
Vo093
V0094
V0095
V0096
voosT
Vo098
Vo101
V0102
V0103
Vo104
voles

6600
7300
7400
7600
7900
8200
8400
8800
0000
7900
8400
0000
6500
7400
7900
6100
6400
6500
0000
6500
6600
6700
7600
0000
7500
7900
0000
7900
6100
6900
8400
6700
7500
7600
8500
0000
6100
6200
6400
6500
6900
7700
0000
8200
0000
6100
6200
6400
7400
7600
7900
8300
8400
6100
6200
6500
6800
7500
8400
0000
6200
6300
6500
6900
7400
7500
7900
6100
6200
6300
6500
6800
6900
7300
7400
0000
0000
0000
6500
0000
6100
7500
7900

0000
0001
0000
0000
0000
0000
0000
0000
0000
0000
0000
0001
0000
0000
0000
0000
0000
0000
Q001
0000
0000
0000
0000
0001
0000
0000
0001
0000
0000
0001
0000
0002
0000
0000
0000
0000
Q001
0000
0000
0000
0000
0000
0002
0000
0000
Q000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0004
0000
0000
0C00
0004
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000

CAL IFORNUM
CHLORINE
CURIUM
COBALT
CHROMIUM
CESIUM
COPPER
DYSPROS UM
EINSTEINUM
ERBIUM
EUROPIUM
FLUORINE
IRON
FERMIUM
FRANCIUM
GALLIUM
GADOLINIUM
GERMANTUM
HYDROGEN
HELTUM
HAFNIUM
MERCURY
HOLMIUM
10DINE
INDIUM
IRIDIUM
POTASSIUM
KRYPTON
LANTHANUM
LITHIUM
LUTETIUM
MAGNESTUM
MANGANESE
MOLYBDENUM
MENDELEVUM
NITROGEN
SODIUM
NIOBIUM
NECGDYMIUM
NEON
NICKEL
NEPTUNIUM
OXYGEN
OSMIUM
PHOSPHORUS
PROTACTIUM
LEAD
PALLADIUM
PROMETHIUM
POLONTIUM
PRASEQDYMM
PLATINUM
PLUTONIUM
RADIUM
RUBIDIUM
RHENTUM
RHODIUM
RADON
RUTHENIUM
SULFUR

ANT IMONY
SCANDIUM
SELENTUM
STLICON
SAMARTUM
TIN
STRONTIUM
TANTALUM
TERBIUM
TECHNET TUM
TELLURIUM
THORTUM
TITANIUM
THALL TUM
THUL TUM
URANTUM
VANADIUM
TUNGSTEN
XENON
YTTRIUM
YTTERBIUM
ZINC
ZIRCONIUM

0618
0619
0620
0621
0622
0623
0624
0625
0626
0627
0628
0629
0630
0631
0632
0633
0634
0635
0636
0637
0638
0639
0640
0641
0642
0643
0644
0645
0646
0647
0650
0651
0652
0653
0654
0655
0656
0657
0658
0659
0660
0661
0662
0663
0664
0665
0666
0667
0668
0669
0670
0671
0672
0673
0674
0675
0676
0677
0678
0679
0680
0681
0682
0683
0684
0685
0686
0687
0688
0689
0690
0691
0692
0693
0694
0695
0696
0697
0700
0701
0702
Q703
0704

79
79
79
79
79
82
82
82
a2
82
82
82
82
a3
83
83
83
83
83
83
83
84
8%
86
87
88
-1:]
89
B9

6600
7300
7400
7600
7900
8200
8400
8800
0000
7900
8400
0000
6500
7400
7900
6100
6400
6%00
0000
6500
6600
6700
7600
0000
7500
7900
0000
7900
6100
6900
8400
6700
7500
7600
8500
0000
6100
6200
6400
6500
6900
7700
0000
8200
0000
6100
6200
6400
7400
7400
7900
8300
8400
6100
6200
6500
6800
7500
8400
0000
6200
6300
6500
6900
7400
7500
7900
6100
6200
6300
6500
6800
6500
7300
7400
0000
0000
0000
6500
0000
6100
7500
7900

0000
0001
0000
0000
0000
©000
0000
0000
0000
0000
0000
0001
0000
0000
0000
0000
0000
0000
0001
0000
0000
0000
0000
0001
0000
0000
0001
0000
0000
0001
0000
0002
0000
0000
0000
0000
0001
0000
0000
0009
0000
0000
0002
6000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0004
0000
0000
0000
0004
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
¢000
c000
0000
0000
0000
0000
0000
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106

251 1
252 1

253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
2n
272
273
274
275
276
277
278
279
280
281
282
283
284
28%
286
287
288
289
290
291
292
293
294
29%
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319

320 1

321
322
323
324
325
326
327
328
329
330
331
332
333

. s

1

CLEAR

CLR 1

CLR 2

CLR 3

SETO1

READ

PvoO?

823RD

LOOK

8002

CLEAR ROUTINE

RAA
RAM
STU
NZA
SXA
SET
STB
RAA
SET
SBB
NZA
SXA
RSU
STU
STD

RCD
LoD
sTD
L00
STO
LoD
STD
LDO
sTD
LDD
STD
LDD
STD
RAU
STL
sTOD
SRT
sTuU
NZU
ALO
STL
RAU
SRT
sLO
sTOD
SLT
STU
RAL
SLT
SLO
STOD
ALO
SLT
STU
STL
RAU
SRT
STL
RAL
SLT
AUP
SRT
sTL
AUP
STU
RAU
SRT
AUP
STU

0010
8002
9049

0001
9049
A0001
0300
2050
0090

0010
UNITY
ATMCT
RELAY

RO0OC1
RO0O1
POOO1
ROOD2
P0002
ROO03
P0O0O03
RO00O&
PO00O4
RO005
P0O0OOS5
ROQO06
PO00S&
RO010
PO00O7
PO00S

0002
P0O0O0O8

823RD
P0010Q
ROOQ&
0004
8002
ROQOA
0004
SYMBL
RO004
0002
8002
TEMPO
R0O003
0008
R0O003
TEMP]

RO006 _

0004
ROO0Q6
8003
0004
RO005
0004
RO005
TEMP]
ROQO4
TEMPO
0002
RO004
RO004

CLR 1
CLR 2
CLR 1

CLR 3

SETO1
CLR 2

READ

READ ROUTINE

PVOO?

PNCH

LOOK

SET ATOM
COUNTER
SET SWITCH
TO ATOMS

READ CARD
TRANSFER
IMPUT FROM
READ BAND
TO PUNCH
BAND

CLER POOO”
CLER PQOO®

SET P0OO10
TO PUNCH
TYPEL CARD
REARRANGE
VECTOR 1IN
WORDS 2 3
4 5 AND 6

SAVE SYMBL

CONSTANTS FOR READ ROUTINE

00

0000

0880

TABLE LOOKUP ROUTINE TO FIND

CORRECT ROUTINE FOR SYMBOL

BEING PROCESSED

LoD
TLY
SuP
SRT
ALO

00

SYMBL
U000l
8003
0004
100 1
0000

8002
uo1xXx

0050
0056
0015
0023
0026
0027
0032
0054
0060
0065
0043
0046
0047
0055
0013

0019
0051
0554
0030
0555
0031
0556
0082
0057
0033
0058
0034
0059
0035
0515
0036
0038
0045
0037
0061
0049
0042
0559
0069
0077
0557
0017
0025
0759
0565
0073
0029
0757
0075
0756
0014
0061
0021
0859
0067
0527
0959
0519
0558
0715
0857
0765
0071
1009

0044

0957
0525
0755
0063
0523
8002

0010
8002
9249
0026
000l
9049
0001
0300
9050
2090
0046
0010
0550
0560
0016

1951
1951
1977
1952
1978
1953
1979
1954
1980
1955
1981
1956
1982
1960
1983
1985
0002
1984
0041
0044
1986
1954
0004
8n02
1954
0004
0022
1954
0002
8002
3000
1953
0008
1953
9001
1956
0004
1956
8003
0004
1955
0004
1955
9001
1954
9000
0002
1954
1954

0000

0022
0800
8003
0004
0076
0000

0056
0015
0023
0027
0015
0032
0054
0060
0065
0043
0047
0060
0055
0013
0019

0051
0554
0030
0555
0031
0556
0082
0057
0033
0058
0034
059
0035
0515
0036
0038
0045
0037
0042
0049
0039
0559
0069
0077
0557
0017
0025
0759
0565
0073
0029
0757
0075
0756
0014
0061
0021
0859
0067
0527
0959
0519
0558
0715
0857
0765
0071
1009
0957

0880

0525
0755
0063
0523
8002
0900
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E-417

CA-14 back

334
335
336
337
338
339
340
34)]
342
343
344
345
346
347
348
349
350
351
352
353
354
358
356
357
358
359
360
361
362
363
364
368
366
367
368
369
370
371
372
373
374
375
376
3717
378
379
380
381
382
383
384
385
386
387
3es
389
390
391
392
393
394
395
396
397
398
3199
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416

el b bt bt b s

uo101

volo2

uo103

oK 3

uolo4

DIsST2

SPECS

uo105

oK 8

uo106

oK 6

uol107

uoio8

[o] N}

uo109

oK 9

RAU
sup
NZu
HLT

RAU
SuP
NZu
HLT

RAU
SRT
SLO
sTD
SLT
SUP
NZU
HLT
RAA

RAU
SuUP
N2Zu
HMLT
LDD
BD2
RAL
LoD

00

RAU
SRT
5L0
STD
SLT
SUP
NZu
HLT
RAA

RAU
SRT
SLO
STD
SLT
sup
NZU
HLT
RAA
STL

RAU
SuP
NZy
HLT

RAU
SRT
SLO
STD
SLT
supP
NZU
HLT
RAA

RAU
SRT
SLO
§TD
SLT
SUP
NZU
HLT
RAA

SYMBYL
ATM

9999

SYMBL
sop

9999

SYMBL
0006
8002

CODE
0006

EF

9999
0319

PV0O9
1111

CLEAR
2222

oK 3
3333
PAR 1

ATM PROGRM

WRONG SMBL

BOP PROGRM

WRONG SMBL
FUEL

ENTHALPY
PROGRAM

WRONG SMBL

CONSOLE POSITION 2 IS SET TO 8
IF IT IS DESIRED TO PUNCH OUT
FUELS OXIDANTS PERCENTS AND

ENTHALPIES

SYMBL
END

9999
8000

SPECS
END 1
0100

SYMBL
0006
8002

CODE
0006

E£X

9999
0329

SYMBL
0008
8002

CODE
0008

£

9999
0099
R0O007

SYMBL
MOL

9999

SYMBL
0006
8002

CODE
0006

PF

9999
0299

SYMBL
0006

8002

CODE
0006
PX

9999
0309

DIsT2
4a44

END 1

PUNCH
0240

oK 5
5555
PAR 1

(o] N -3
6666

Pv180

Pvo15
1777

Ok 8
8888
PAR 1

oK 9
9999
PAR 1

PROPELLANT
READY TO
PROCESS
WRONG SMBL

OXIDANT
ENTHALPY
PROGRAM

WRONG SMBL

FUEL
PROGRAM

WRONG SMBL
CLER RO0O7

MOLECULE
PROGRAM

WRONG SMmsL

PERCENT
FUEL
PROGRAM

PERCENT
OXIDANT
PROGRAM

0900
0577
0085
0089

0901
0727
0535
0739

0902
0777
0741
0749
0855
0569
0827
0081
0532

0903
0877
0585
0789
0740
0746
0799
1007
0552

0904
0927
0791
0849
0955
0719
0977
0531
0582

0905
1027
0745
0053
1005
0573
0581
0735
0086
0742

0906
1077
0785
0839

0907
1127
0841
0899
1055
0769
1177
0731
0732

0908
1227
0891
0949
1105
0819
1277
0781
0782

60
11
a4
01

60
11
L4
01

60
30
16
24
35

b4
01
80

60

44
01
69
92
65
69
00

60

16
24
35
11
44
01
80

60

16
24
35
11
44
01
80
20

60
11
44
01

60
30
16
24
35
11
44
01
80

60
30
16
24
35
11
44
01
80

0022
0080
0089
9999

0022
0530
0739
9999

0022
0006
8002
0052
0006
0072
0081
9999
0319

0022
0580
0789
9999
8100
0799
0552
0551
0100

0022
0006
8002
0052
0006
0522
0531
9999
0329

0022
0008
8002
0052
0008
0526
0735
9999
0099
1957

0022
0730
0839
9999

0022
0006
8002
0052
0006
0572
0731
9999
0299

0022
0006
8002
0052
0006
0722
0781
9999
0309

0577
0085
0040
1111

0727
0535
0050
2222

0777
0741
0749
0855
0569
0827
0532
3333
0088

0877
0585
0740
G4bsy
0746
0551
1007
1930
02490

0927
0791
0849
0955
o719
0977
0582
5555
0088

1027
0745
0053
1005
0573
0581
0086
6666
0742
0760

1077
c785
0790
7777

1127
0841
0899
1055
0769
1177
0732
8888
0088

1227
0891
0949
1105
0819
1277
0782
9999
0088

107



108

417
418
419
420
421
422
423
a4
425
426
427
428
429
430
431
432
433
434
435%
436
437
438
439
440
44}
442
443
444
445
446
047
448
449
450
451
452
453
454
458%
456
457
458
459
460
461
a62
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
%81
482
483
484
485
486
487
488
489
490
491
492

[

bbb et

493 1

494
495
496
497
498
499
500

uo1to

Ox 10

ATM™
BOP
EF
END
EX

MoL
PF
PX

uo001
Vo002
uooo03
uo004
uoo05
uo006
vooo7?
U008
yooo9
uoo10
100 1

PV009

PvOo11

PVO13

8003
PACKA

PVO15

PVO17

PvOo19

RAU
SRT
sSLO
STD
SLY
suP
N2V
HLT
RAA
STL

CONSTANTS FOR TABLE
ROUTINE

&1
62
65
65
65
66
T4
77
77
87
61
62
65
65
65
66
14
77
77
87
00

LDD
STD
RAU
NZU
HLT

RAL
SLT
SuP
NZE
HLT
RAL
ALO
STL
ALO
AUP
SLO
SLT
ALO
AUP
STL
RAU
SLTY
ALP
STU
LDD
STO
RAU
NZU
STL
RAU
SLT
SuP
supP
BMI
HLT
STU

RAU
SRT
RAL
NZE
RAU
NZU
HLT

SYMBL
0008
8002

CODE
0008

X

9999
0199
rROOO7

83746
7677
6600
7564
8700
0000
7673
6600
8700
0000
8374
7677
6699
7564
8799
9900
7673
6699
8799
9900
0000

oK 10
0000

PV180O

0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0100

OX1DANT
PROGRAM

WRONG SMBL
CLER RO0O7

LOOKUP

ATM
BoP
EF9
END
EX9
F9

MOL
PF9
PXS
X9

ROUTINE FOR PACKED VECTORS
ATOMS START AT PV009 AND
MOLECULES START AT PVO15

RO0O7
P0O00?
RELAY
PVO11

2222

RO002
0004
8003

3333
ATMCT
UNITY
ATMCT
R0002
ATMCT

8002

0004

8001
STORE
A0CO1
ATMCT

0001
UNITY
Po0O7
ROOQO7
P0009
RELAY

RELAY
UNITY
0001
8001
ATMCT

LYTYS
COUNT

R0O010
0001
8002

COUNT
PV024
5555

8888

Pv013
7777

8003
PACKA

PV11l6

PVO19

PVOLlT7

6666

Pvol9

Pv023

5555

PLACE CODZ
IN OUTPUT
ITS ATOM

SWITCH NOT
INITIALIZE
IS ATOM
MORE THAN
2 LETTERS

YES STOP
NO

ADVANCE
ATOM COUMT
STORE AT(M
COLUMN
EQUIVALENT
IN TABLE

FORM ATOH
VECTOR
STORE IN
PUNCH BAD
PLACE CODE
IN QUTPUT
IS THIS
FIRST MO.
YES

DID WE
PROCESS
MORE THAN
TEN ATOMS

TOO MANY
SET S0L1DS
COUNTER

NO 1S THIS
MOLECULE
CONDENSED

YES MAY WE
PROCESS 1T
NO

0909
1327
0795
0553
1155
0723
0831
0835
0536
0792

0080
0530
0072
0580
0522
0526
0730
0572
0722
0576
0800
0801
0802
0803
0804
0805
0806
0807
0808
0809
0076

0040
0810
0738
0521
0726

0575
1057
0517
0725
0028
0079
0815
1205
0513
1107
0865
0773
0083
0941
8003
0754
0915
0571
1255
0790
0860
o788
0721
0775
0869
1305
0511
0919
0965
0018
0969

0776
1015
0771
0529
0832
0579
0084

60
30
16
24
35
11
bi
01
80
20

61
62
65
65
65
66
T4
7
17
87
61
62
65
65
65
66
T4
77
77
a7
00

&9
24
60
hé
01

65
35
11
45
01
65
15
20

10
16
35
15
10
20
60
35
10
21
69
24
60
44
20
60
15
11
11
46
[¢BY
21

60
30
65
45
60
b4
01

0022
0008
8002
0052
0008
0576
0835
9999
0199
1957

8374
7677
6600
7564
8700
0n00
7673
6600
8700
0000
8374
7677
6699
7864
8799
9900
76732
6699
8799
9900
0000

1957
1985
0016
0575
2222

1952
0004
8002
0028
3333
0560
0550
0560
1952
0560
8002
0004
8n01
0744
0001
0560
0001
0550
1983
1957
1985
0016
0775
0016
0550
0001
8001
0560
0018
4440
0026

1960
0001
8002
0832
0024
0583
5555

1327
0795
0553
1155
0723
0831
0536
0000
0792
0760

0000
¢000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0000
0100

0810
0738
0521
0726
8888

1057
0517
0725
0079
7777
0815
1205
0513
1107
0865
0773
0083
0941
8003
0754
0915
0571
1255
0586
0860
0788
0721
0776
0869
1305
0511
0919
0965
0969
6666
0776

1015
0771
0529
0533
0879
0084
5555

L1714



E-417

fup
H49
550
551
552
553
554
555
556
557
558
559
560
561
562
563
564
565
566
567
568
569
570
571
572
5713
574
75
576
577
578
579
s8¢
581
582
583
584
58%
586
587

PVNZ4

Pve023

PVN25

PVr31]

PVQ32

LETTR
PvN313

NUMBR
PV0O36

Pvoa?

pVNES

Py391l
Pv293

Pv095

PV097

PyngQ
PV100

CNTRX

PV101

CNTRY
Pv102

Pv1ile

PV1l6e

PNCH

SuP
sTU
RAU
NZy

HLT
RAL
NZE
HLT
RAU
STU
STL
RAL
NZE
SLT
SUP
NZU
LDD
STD
RAL
AUP
SLY
STy
STL
RAU
AUP
STy

LDD
RAU
SRT
SLO
SLO
5TD
sCT
STU
RAL
LDD
sDA

RAL
NZE
SRT
SLT
SLO
MZE
AL
ALO
STL

HLT

RAL
LD
SDA
RAU
SRT
ALO
SUP
AUP
sLT
STu
RAL
SLT

AUP
sSTU
STL

RAL
LoD
SDa

RAL
SLT
AUP
STU
STL
RAU
SRT
RAU
NZU
RSU
STU
L.DD
STD
PCH

UNITY
COUNT
ROOGCS

6666
RO0C2
PvQ31

7777
CNTR1
CNTRX
TEMPL
RO002

0001
NINE]
LETTR
PV032
LINK
RQ002
TEMP]

0002
TEMP1
k0002
CNTRX
TWO D
CNTRX

PV034
TEMPL
0002
NINE
8002
MAGNT
0000
comMPo
AQO0OX
PV091
PV0S1

A0O0O1

0001
0001
COMPO

PVOS1
ONE D
Pv091

3888

Pv0o91
ov059
PV05¢S
AQ001

0001
MAGNI

8003
P0OOO?

0002
PO007
R0002
XXXXX

R0O002
R0O002
R0O003

CNTRX
CNTR2
CNTRY

ROOD4S
AAXX X
RO002
R0003
RO00«
ROO10
0001
8002

poeo?
P0007
83RD

POO010
POOO1

Pv023
Pv025

4abs

3333

PVQ032

Pv115

NUMBR
Pv033

LINK
Pv033

PvOo87

Py089

8001

PV093
Pv095

PyvOS?

8001

2222

8001
PV1N0

CNTRX
Pv101

CNTRY
Pv102

PVO31

Pville
Pv1lé

PNCH
READ

YES

IS MOLCULE
MORE THAN
15 PLACES
YES

NO MOLCULE
CLEAR DATA
ADDRESS
SET ZERO
IS PRODUCT
FINISHED
NG

STORE
MAGNTTUDE
OF THE
COMPONENT

SEARCH
SYMBOL
TARLE FOR
COMPONENT

ADVANCE
CONE PLACE
ALONG
TABLE

NOT IN
TABLE

GOT THE
RIGHT ONE

ADD IT TO
REST OF
PACKED
VECTOR IN
POOOY

SHIFT
WORD 3

CNTRY DATA
ADRES SAME
AS CNTRX

SHIFT
WORD 4

A SIGN FOR
THE PACKED
VECTOR

PUNCH CARD

0583
1355
0533
1059

0563
0064
1157
0561
0%10
0567
0825
0882
1207
0960
0717
0875
0729
088s
0991
1257
1065
0